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I INTRODUCTION 
The o b j e c t i v e  of t h e  r e s e a r c h  under taken  was t o  i n v e s t i g a t e  t h e  
i n t e r a c t i o n s  of d i q u a t  i n  t h e  a q u a t i c  environment.  S i n c e  1958, t h e  p r i n c i p a l  
i n v e s t i g a t o r  h a s  been engaged i n  chemical  a q u a t i c  p l a n t  c o n t r o l  r e s e a r c h .  
T h i s  work i n v o l v e s  t h e  a d d i t i o n  of a q u a t i c  h e r b i c i d e s  t o  pond w a t e r s  f o r  t h e  
s n e c i f i c  purnose  of e l i m i n a t i n g  nu i sance  s t a n d s  of a q u a t i c  p l a n t s .  These 
p l a n t s  may i n t e r f e r e  w i t h  t h e  f i s h  p r o d u c t i o n ,  f i s h i n g ,  swimming and o t h e r  
w a t e r  r e l a t e d  r e c r e a t i o n a l  a c t i v i t i e s .  F u r t h e r ,  b o d i e s  of wa te r  may have 
o t h e r  u s e s ,  such a s  c o o l i n g  and wate r  supp ly  f o r  humans, and a q u a t i c  p l a n t s  
can i n t e r f e r e  w i t h  t h e s e .  With t h e  i n c r e a s e d  u s e  of and demand f o r  more w a t e r ,  
a d d i t i o n a l  w a t e r  s t o r a g e  a r e a s  may have t o  be developed. These,  a l s o ,  may 
develop a q u a t i c  p l a n t  n u i s a n c e  problems which may l i m i t  t h e i r  u s e f u l n e s s .  
To d a t e ,  much of opr  r e s e a r c h  h a s  been t o  develop t h e  n e c e s s a r y  
r a t e s ,  t e c h n i q u e s ,  and t iming  of a p p l i c a t i o n  and t o  de te rmine  which a q u a t i c  
p l a n t s  can be c o n t r o l l e d  by which h e r b i c i d e s .  I n  t h i s  program we have l e a r n e d  
t o  c o n t r o l  many of t h e  n u i s a n c e  a q u a t i c  p l a n t s .  
However, manv problems remain.  Aqua t ic  h e r b i c i d e s  have p r e v i o u s l y  
been sc reened  f o r  t h e i r  t o x i c i t y  t o  f i s h e s  and some i n f o r m a t i o n  i s  a v a i l a b l e  
on t h e  l e n g t h  of t ime t h e  h e r b i c i d e  may remain i n  t h e  wa te r .  Very s e v e r e  
r e s t r i c t i o n s  have been p laced  on t h e  u s e  of some h e r b i c i d e s ;  c e r t a i n  ones  a r e  
, lot  t o  be used i n  domest ic  water  s u p p l i e s  o r  i n  wa te r  t o  be qsed f o r  i r r i g a t i o n  
of c r o p s .  These r e s t r i c t i o n s  may be  n e c e s s a r y  u n t i l  i t  can be shown t h a t  t h e  
h e r b i c i d e  a p p l i e d  w i l l  n o t  pose  any p o t e n t i a l  hazard  t o  humans and t h e  wa te r  
withdrawn and t r e a t e d  f o r  human u s e  w i l l  n o t  c o n t a i n  h e r b i c i d e s .  It i s  somewhat 
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I INTRODUCTION 
The o b j e c t i v e  of t h e  r e s e a r c h  under taken  was t o  i n v e s t i g a t e  t h e  
i n t e r a c t i o n s  of dj.quat i n  t h e  a q u a t i c  environment.  S i n c e  1958, t h e  p r i n c i p a l  
i n v e s t i g a t o r  h a s  been e n ~ a g e d  i n  chemical  a q u a t i c  p l a n t  c o n t r o l  r e s e a r c h .  
T h i s  work i n v o l v e s  t h e  a d d i t i o n  of a q u a t i c  h e r b i c i d e s  t o  pond w a t e r s  f o r  t h e  
s n e c i f i c  purnose  of e l i m i n a t i n g  n u i s a n c e  s t a n d s  of a q u a t i c  p l a n t s .  These 
p l a n t s  may i n t e r f e r e  w i t h  t h e  f i s h  p r o d u c t i o n ,  f i s h i n g ,  swimming and o t h e r  
w a t e r  r e l a t e d  r e c r e a t i o n a l  a c t i v i t i e s .  F u r t h e r ,  b o d i e s  of wa te r  may have 
o t h e r  u s e s ,  such a s  c o o l i n ?  and wate r  supp ly  f o r  humans, and a q u a t i c  p l a n t s  
can i n t e r f e r e  w i t h  t h e s e .  With t h e  i n c r e a s e d  u s e  of and demand f o r  more w a t e r ,  
a d d i t i o n a l  w a t e r  s t o r a g e  a r e a s  may have t o  be developed.  These,  a l s o ,  may 
develop a q u a t i c  p l a n t  nu i sance  problems which may l i m i t  t h e i r  u s e f u l n e s s .  
To d a t e ,  much of our  r e s e a r c h  h a s  been t o  develop t h e  n e c e s s a r y  
r a t e s ,  t e c h n i q u e s ,  and t iming  of a p p l i c a t i o n  and t o  de te rmine  which a q u a t i c  
p l a n t s  can be c o n t r o l l e d  by which h e r b i c i d e s .  I n  t h i s  program we have l ea rned  
t o  c o n t r o l  many of t h e  n u i s a n c e  a q u a t i c  p l a n t s .  
However, manv problems remain.  Aqua t ic  h e r b i c i d e s  have p r e v i o u s l y  
been sc reened  f o r  t h e i r  t o x i c i t y  t o  f i s h e s  and some i n f o r m a t i o n  is  a v a i l a b l e  
on t h e  l e n ~ t h  of t ime t h e  h e r b i c i d e  may remain i n  t h e  wa te r .  Very s e v e r e  
r e s t r i c t i o n s  have been p laced  on t h e  u s e  of some h e r b i c i d e s ;  c e r t a i n  ones a r e  
ilot t o  be used i n  domest ic  wa te r  s u p p l i e s  o r  i n  wa te r  t o  be used f o r  i r r i g a t i o n  
of c rops .  These r e s t r i c t i o n s  may b e  n e c e s s a r y  u n t i l  i t  can be shown t h a t  t h e  
h e r b i c i d e  a p p l i e d  w i l l  n o t  pose  any p o t e n t i a l  hazard  t o  humans and t h e  wa te r  
withdrawn and t r e a t e d  f o r  human u s e  w i l l  n o t  c o n t a i n  h e r b i c i d e s .  It i s  somewhat 
i d e a l i s t i c  t o  c o n t i n u e  t o  have demands f o r  a d d i t i o n a l  wa te r  which may r e q u i r e  
a d d i t i o n a l  wa te r  s t o r a s e  on ly  t o  have l i m i t e d  u s e  of t h e  s t o r e d  wate r  because  
of r e s t r i c t i o n s  on t r e a t m e n t  n e c e s s a r y  t o  c o n t r o l  b i o l o g i c a l  problems i n  t h a t  
w a t e r .  The more e f f i c i e n t  u s e  of wa te r  may r e q u i r e  a  h i g h e r  d e g r e e  of wa te r  
management, which i n  t u r n  might r e q u i r e  t h e  u s e  of h e r b i c i d e s .  
The r e s e a r c h  was t o  i n v e s t i g a t e  t h e  i n t e r a c t i o n s  of d i q u a t  i n  t h e  a q u a t i c  
environment and t o  e s t i m a t e  t h e  amounts of d i q u a t  removed from t h e  wate r  by 
f i s h e s ,  a q u a t i c  p l a n t s  and o t h e r  a a u a t i c  b i o t a .  W e  wished t o  de te rmine  t h e  
u l t i m a t e  f a t e  of d i q u a t :  was i t  s lowly  degraded and u l t i m a t e l y  e l i m i n a t e d  . 
from t h e  a q u a t i c  environment,  o r  d i d  t h e  h e r b i c i d e  molecule  remain i n t a c t  and 
be d e ~ o s i t e d  i n  some segment of t h e  a q u a t i c  environment? Diquat  was 
t a k e n  un by s u s c e p t i b l e  a q u a t i c  p l a n t s .  Does t h i s  d i q u a t  r e t u r n  t o  t h e  
w a t e r  o r  was i t  d e p o s i t e d  i n  t h e  a o u a t i c  environment? What is  t h e  e f f e c t  of 
d i q u a t  on non-suscep t ib le  p l a n t  s p e c i e s ?  Do t h e s e  p l a n t  s p e c i e s  a l s o  remove 
d i q u a t ?  What i s  t h e  u l t i m a t e  f a t e  of t h i s  d i q u a t ?  Is  a l l  t h e  d i q u a t  removed 
from t h e  wate r  by t h e  a q u a t i c  b i o t a ?  I f  n o t ,  where does  t h e  diquat:  go? 
These a r e  some of t h e  q u e s t i o n s  we planned t o  i n v e s t i g a t e .  P r e l i m i n a r y  
exaer iments  would pive r e s u l t s  which would g u i d e  more i n t e n s i v e  i n v e s t i g a t i o n s .  
These we were a b l e  t o  do,  w i t h i n  t h e  c o n t e x t  of t h e  proposed r e s e a r c h .  
I1 PROCEDURE AND APPARATUS 
A.  Equipment 
1. Beckman DU (UV and v i s i b l e  wave l e n g t h s )  s p e c t r o p h o t o m e t e r  
2 .  I n t e r n a t i o n a l  c e n t r i f u g e  
3. Hewlett-Packard l i q u i d  s c i n t i l l a t i o n  s p e c t r o p h o t o m e t e r  
4 .  O ther  s t a n d a r d  l a b o r a t o r y  a p p a r a t u s  
B .  A n a l y t i c a l  P rocedures  : Labora to ry  
1. Dete rmina t ion  of pond w a t e r  samples  d i r e c t l y  by UV 
a b s o r p t i o n  t o  de te rmine  t h e  d i q u a t  c a t i o n  c o n t e n t :  
100 m l  sample p l u s  100 m l  ETOH, f i l t e r e d  (Whatmann 
#42) t o  remove d e b r i s  
Absorp t ion  @ 310 n u  w/o f i l t e r  a g a i n s t  t r e a t m e n t  check 
C a l c u l a t i o n  of d i q u a t  c o n t e n t  (wi th  d i l u t i o n  c o r r e c t i o n )  
by d i v i s i o n  u s i n g  s l o p e  of s t a n d a r d  c o n c e n t r a t i o n  curve  
2 .  De te rmina t ion  of l a b o r a t o r y  samples o f  l i q u i d  s c i n t i l l a t i o n  
coun t ing :  
0 . 5  m l  sample  p l u s  14  m l  s t a n d a r d  aqueous s c i n t i l l a t i o n  
c o c k t a i l  
Count ing f o r  10 min. o r  10,000 coun t s  f o r  approx imate ly  
90% r e p r o d u c i b i . l i t y  on i n s t r u m e n t  and 75% e f f i c i e n c y  
C a l c u l a t i o n  of d i q u a t  ( c14  l a b e l  - e t h y l e n e  b r i d g e  c o n t e n t  
by d i v i s i o n  u s i n g  s l o p e  of s t a n d a r d  c o n c e n t r a t i ~ n  curve)  
S t a n d a r d  curves  l i n e a r  w i t h  r e f e r e n c e  t o  c o n c e n t r a t i o n  from 
0 . 0 1  -- 5000.0 pg/ml. Label  used a t  r a t e  of  10 u c l l i t e r  of 
s t o c k  d i l u t i o n  s o l u t i o n .  
C .  Exper imenta l  Design 
1. Length of  t ime  t h a t  d i q u a t  can b e  d e t e c t e d  i n  w a t e r  i n  l a b o r a t o r y  
a q u a r i a .  The v a r i o u s  r a t e s  of  i n t r o d u c t i o n s  of d i q u a t  were p l a c e d  
i n  44 l i t e r s  o f  w a t e r  from v a r i o u s  s o u r c e s  and a e r a t e d  i n  g l a s s  
l a b o r a t o r y  a q u a r i a .  The d i q u a t  c o n t e n t  was e s t i m a t e d  a t  i n t e r v a l s  
f o r  65 d a y s ,  u s i n g  t h e  u l t r a v i o l e t  a b s o r p t i o n  t echn ique  d e s c r i b e d  
above . 
2 .  Length of t ime t h a t  d i q u a t  can b e  d e t e c t e d  i n  n a t u r a l  w a t e r .  Var ious  
r a t e s  of d i q u a t  were  a p p l i e d  t o  t h e  w a t e r  i n  a r e a s  i n  M i l l e r  Pond, 
M o n t i c e l l o ,  I l l i n o i s ,  i s o l a t e d  by p l a s t i c ,  aluminum o r  p l e x i g l a s s  
s h e e t s .  The d i q u a t  c o n t e n t  o f  w a t e r  a t  v a r i o u s  i n t e r v a l s  was 
e s t i m a t e d  u s i n g  t h e  u l t r a v i o l e t  a b s o r p t i o n  t e c h n i q u e  a s  d e s c r i b e d  
above.  The t o t a l  w a t e r  mass o f  a  s m a l l  pond was t r e a t e d  w i t h  d i q u a t  
and t h e  d i q u a t  c o n t e n t  e s t i m a t e d  a t  v a r i o u s  i n t e r v a l s  u s i n g  t h e  
u l t r a v i o l e t  a b s o r p t i o n  t e c h n i q u e .  
3.  Uptake of and d i s t r i b u t i o n  of  d i q u a t  i n  b l u e g i l l .  One b l u e g i l l ,  
Lepomis macrochirus  , was exposed t o  0.35 1Jc of c14 l a b e l e d  
d i q u a t  i n  a  g l a s s  j a r  c o n t a i n i n g  4 l i t e r s  of aged t a p  w a t e r .  The 
c14 c o n t e n t  of t h e  w a t e r  p r i o r  t o  t h e  i n t r o d u c t i o n  of  t h e  b l u e g i l l  
was e s t i m a t e d  u s i n g  l i q u i d  s c i n t i l l a t i o n  t echn iques  d e s c r i b e d  above.  
A f t e r  t h e  exposure  p e r i o d ,  t h e  c14 c o n t e n t  of  t h e  w a t e r  was a g a i n  
de te rmined .  The f i s h  were  s a c r i f i c e d  and s e v e r a l  o rgans  were  ana lyzed  
f o r  t h e i r  c14 c o n t e n t  by p l a c i n g  t h e  o rgan  i n  a c o u n t i n g  v i a l  a f t e r  
weighing t h e  t i s s u e  and add ing  one o r  two m l  of Soluene and a l l o w i n g  
t h e  t i s s u e  t o  comple te ly  d i s s o l v e .  A f t e r  t h e  s o l u t i o n  was complete 
t h e  l i q u i d  s c i n t i l l a t i o n  c o c k t a i l  was added and t h e  c14 c o n t e n t  
e s t i m a t e d .  
Uptake and t r a n s l o c a t i o n  of d i q u a t  by Aqua t i c  p l a n t s .  
Two 10  i n c h  p l a n t s  of  sago  pondweed, Potamotgeton p e c t i n a t u s ,  were  
suspended i n  two 1 , 0 0 0  m l  g l a s s  g r a d u a t e  c y l i n d e r s .  The r o o t  sys tem 
was p l a c e d  i n s i d e  a s e p a r a t e  b o t t l e ,  c o n t a i n i n g  w a t e r  and  t h e  
b o t t l e  mouth s e a l e d  by a c o a t i n g  o f  s i l i c o n e  j e l l y .  Labe led  
d i q u a t ,  0 .35 P C ,  was e i t h e r  added t o  t h e  w a t e r  i n  t h e  uppe r  p a r t  
o f  t h e  c y l i n d e r ,  o r  t o  t h e  b o t t l e  c o n t a i n i n g  t h e  r o o t s .  I n  t h e  
c y l i n d e r  i n  which  t h e  d i q u a t  w a s  added t o  t h e  f o l i a r  p o r t i o n s  o f  t h e  
p l a n t ,  t h e  c14 c o n t e n t  o f  t h e  w a t e r  a t  t h e  b e g i n n i n g  and a f t e r  t h e  
e x p o s u r e  p e r i o d  was e s t i m a t e d  by  e s t i m a t i n g  t h e  C 1 4  c o n t e n t  o f  one  
m l  of  w a t e r  i n  t h e  u s u a l  manner.  The c14 c o n t e n t  o f  w a t e r  i n  t h e  
r o o t  c o n t a i n e r  was n o t  e s t i m a t e d  a t  t h e  b e g i n n i n g  and end  o f  t h e  . 
e x p e r i m e n t ,  b u t  t h e  w a t e r  i n  t h e  g r a d u a t e  c y l i n d e r  was a s s a y e d  f o r  
t h e  c14 c o n t e n t  t o  d e t e r m i n e  i f  l e a k a g e  be tween t h e  two compartments  
had  o c c u r r e d .  
A  s imi la r  expe r imen t  was conduc ted  u s i n g  p l a n t s  o f  American 
pondweed, P. nodosus  . 
A f t e r  e a c h  expe r imen t  t h e  p l a n t s  w e r e  removed, b l o t t e d  d r y ,  
q u i c k  f r o z e n  and d r i e d .  
The t r a n s l o c a t i o n  o f  t h e  c~~ d i q u a t  was e s t i m a t e d  by  p l a c i n g  
e a c h  p l a n t  on a s h e e t  o f  p h o t o g r a p h i c  f i l m  and a l l o w i n g  t h e  
p l a n t s  t o  remain  f o r  t h r e e  t o  f o u r  weeks .  Then t h e  p h o t o g r a p h i c  
f i l m s  w e r e  removed, deve loped  and f i x e d .  The p l a n t s  w e r e  mounted 
o n  s h e e t s  o f  p a p e r  f o r  r e f e r e n c e .  
5 .  Recovery o f  d i q u a t  f rom s o i l  and p l a n t s .  P r o c e d u r e s  f o r  t h e  
r e c o v e r y  of d i q u a t  a b s o r b e d  by p l a n t s  and s o i l  gave  v e r y  poor  
r e c o v e r y  v a l u e s .  These  p r o c e d u r e s  c o n s i s t e d  o f  r e f l u x i n g  t h e  s o i l  
o r  p l a n t  d e b r i s  c o n t a i n i n g  d i q u a t  w i t h  5 N s u l f u r i c  a c i d  f o r  5 
h o u r s ,  n e u t r a l i z i n g  t h e  a c i d  w i t h  b a s e ,  c l a r i f y i n g  t h e  r e s u l t i n g  
s o l u t i o n  by adsorb ing  t h e  di ,quat  on a  r e s i n  column, and e l u t i n g  
t h e  d i q u a t  from t h e  column wlith ammonium c h l o r i d e  s o l u t i o n ,  and 
e s t i m a t i n g  t h e  d i q u a t  c o n t e n t  of t h e  e l u a n t  by forming a  complex 
of d i q u a t  w i t h  sodium d i t h i o n i t e .  I t  was n o t  p o s s i b l e  t o  e s t i m a t e  
t h e  d i q u a t  of s o i l  and p l a n t  e x t r a c t s  u s i n g  t h e  u l t r a v i o l e t  a b s o r p t i o n  
t echn ique .  The recovery of d i q u a t  from s o i l  and p l a n t  d e b r i s  was 
under taken  us ing  c14 l a b e l e d  d i q u a t  and e s s e n t i a l l y  t h e  same 
techn iques  d e s c r i b e d  above,  excep t  t h e  d i q u a t  c o n t e n t  of t h e  
e l u a n t  was e s t i m a t e d  us ing  l i q u i d  s c i n t i l l a t i o n  t echn iques .  
6 .  Durat ion of d i q u a t  c a t i o n  i n  w a t e r  over  h y d r o s o i l  i n  t h e  l a b o r a t o r y .  
M i l l e r  pond h y d r o s o i l  ( a i r - d r i e d ,  2  mm s i e v e )  added 
t o  g radua ted  c y l i n d e r s  (1000 ml) 10-20 g  
Deionized w a t e r  added a t  250 - 1000 m l ,  s o i l  al lowed 
t o  s e t t l e  f o r  48 h o u r s  s o  a s  t o  have a  minimum of 
suspended s o l i d s  
Diquat  c a t i o n  added a t  10 - 20 ug/ml w i t h  c14 l a b e l  
0 . 5  m l  samples o b t a i n e d  a t  2 h o u r s ,  1, 2 ,  4 ,  6 ,  9 ,  
11 t o  28 days fo l lowing  a p p l i c a t i o n  
Diquat  c o n c e n t r a t i o n  remaining i n  s o l u t i o n  determined 
by l i q u i d  s c i n t i l l a t i o n  coun t ing  t echn iques  
7.  Adsorpt ion of d i q u a t  by 6 h y d r o s o i l s  u s i n g  i so therms  
1 gram a i r - d r i e d  h y d r o s o i l  i n  t e s t  tube 
10 m l  d e i o n i z e d  w a t e r  w i t h  d i q u a t  (c14 l a b e l l a t  c o n c e n t r a t i o n s  
from 0  - 100.0 ug/rnl 
Shaken f o r  1 min. on v o r t e x  mixer ;  a f t e r  24 h r ,  shaken a g a i n  
and c e n t r i f u g e d  a t  1 , 0 0 0 .  xg f o r  15  min. 
0 . 5  m l  samples o b t a i n e d  f o r  l i q u i d - s c i n t i l l a t i o n  
c o u n t i n g  t o  de te rmine  t h e  amount of d i q u a t  remaining 
i n  s o l u t i o n ;  and a l s o  by d i f f e r e n c e ,  t h e  amount of 
d i q u a t  adsorbed t o  t h e  h y d r o s o i l .  P rev ious  exper iments  
i n d i c a t e d  t h a t  a d s o r p t i o n  was q u i t e  r a p i d  and e q u i l i b r i u m  
was a t t a i n e d  i n  24 h o u r s .  
8. Determinat ion of c h a r a c t e r i s t i c s  of h y d r o s o i l s  
Organic  m a t t e r  c o n t e n t  - by wet -ox ida t ion  t i t r a t i o n  method 
P a r t i c l e  s i z e  a n a l y s i s  - s e d i m e n t a t i o n  f o l l o w i n g  o r g a n i c  
m a t t e r  removal;  t h i s  mlethod i s  based on S t o k e ' s  Law 
and i s  c a l l e d  a  p i p e t t e  a n a l y s i s .  
Ca t ion  Exchange Capac i ty  - s a t u r a t i o n  of exchange 
comalex w i t h  NH C 1  and K j e l d a h l  a n a l y s i s  f o r  subsequent  
NH C 1  c o n t e n t .  4 4 
9. Desorn t ion  i so therms  ( t o  de te rmine  t h e  q u a n t i t y  of d i q u a t  
can be  removed a f t e r  a d s o r p t i o n ) .  
1 g h y d r o s o i l  w i t h  adsorbed d i q u a t  (known q u a n t i t y )  
10 m l  d e i o n i z e d  w a t e r  
Same procedure  of shak ing ,  c e n t r i f u g a t i o n ,  and 
d e t e r m i n a t i o n  of c a t i o n  i n  s o l u t i o n  
Express  a s  t h e  amount desorbed of t h e  p r e v i o u s l y  
determined amount adsorbed a t  a  g iven  c o n c e n t r a t i o n  
111 RESULTS 
Length of d u r a t i o n  of d i q u a t  i n  w a t e r  
Labora to ry  s t u d i e s .  
The d i q u a t  c o n t e n t  of w a t e r  i n  g l a s s  l a b o r a t o r y  a q u a r i a  a r e  summarized 
i n  Table  1 and 2 .  Two l e v e l s  of d i q u a t  were used.  These exper iments ,  i n  
p a r t ,  s e r v e d  t o  a l low M r .  Underwood t o  g a i n  e x p e r i e n c e  on t h e  use  of e s t i m a t i o n  
o f  d i q u a t  by t h e  u l t r a v i o l e t  a d s o r p t i o n  t echn ique  and use  of t h e  Beckman DU . 
spec t rophotomete r  and t o  g a i n  some i n s i g h t  i n t o  t h e  i n t e r a c t i o n  of d i q u a t  
and w a t e r .  
The d i q u a t  c o n t e n t  of t h e  w a t e r  from M i l l e r  Pond remained h i g h e r  than  
t h e  d i q u a t  c o n t e n t  of w a t e r  from t h e  o t h e r  s o u r c e s .  A f t e r  t h e  i n t r o d u c t i o n  
o f  5  ppm of d i q u a t ,  t h e  d i q u a t  d i d  n o t  d i s s i p a t e  from aged t a p  w a t e r  a s  
r a p i d l y  as from c l e a n  t a p  w a t e r  o r  t a p  w a t e r  p l u s  b l u e g i l l .  A f t e r  21 days ,  
approx imate ly  40 p e r c e n t  of t h e  d i q u a t  remained i n  t h e  c l e a n  t a p  w a t e r  and 
t a p  w a t e r  p l u s  f i s h ,  and approximately  70 p e r c e n t  and 57 p e r c e n t  o f  t h e  d i q u a t  
remained i n  pond w a t e r  and i n  aged t a p  w a t e r ,  r e s p e c t i v e l y .  A t  t h e  end of 
65 days aged t a p  w a t e r  and pond w a t e r  con ta ined  1 . 3  o r  2.7 ppm of d i q u a t  , 
r e s p e c t i v e l y .  A t  a  r a t e  of a p p l i c a t i o n  of 1 ppm a f t e r  21  days t h e  average  d i q u a t  
c o n t e n t  v a r i e d  from 0 . 1  ppm t o  0 .18 ppm. Seven days a f t e r  a p p l i c a t i o n ,  
approx imate ly  50 p e r c e n t  of t h e  d i q u a t  remained i n  a l l  t h e  t a p  w a t e r .  These 
d a t a  i n d i c a t e d  t h a t  d i q u a t  can remain i n  and b e  d e t e c t e d  i n  w a t e r  f o r  cons ider -  
a b l e  p e r i o d s  o f  t ime.  
Dura t ion  of d i q u a t  i n  M i l l e r  Pond 
L a t e r ,  _ t h r e e  r a t e s  of d i q u a t  , 0 . 5 ,  1 . 0  and 5  ppm were  a p p l i e d  t o  t h e  
TABLE 1. DURATION OF 5 PPM DLQUAT I N  VARIOUS WATERS 
NTJMBER OF DAYS 
WATER 
SOURCE 7 1 4  2  1 2  8  35 4  2  49-51 5  8  6  5  
A g e d  T a p  3.92 3.25 2.95 2.62 2 .00  1 . 9 8  1 .37  1 . 3 6  1 . 3 1  
C l e a n  T a p  3.58  2 .44  2 .00  1 . 8 5  1 . 2 1  1 . 0 4  0 . 7 1  0 . 5 1  0 .34  
L a k e  Water 3 .74  3.68 3 . 5 1  3 .30  3 .12  3 .10  2.87 2 .79  2 . 7 1  
T a p  f F i s h  3.72  2.43 2.15 1 .95  1 . 4 0  1.11 0.67 0.65 0.25 
TABLE 2. DURATION OF 1 PPM OF DIQUAT IN VARIOUS WATERS 
NUMBER OF DAYS 
WATER 
SOURCE 7 14  2 1 28 35  42 49-51 58 65 
Aged Tap 0.45 0 .31  0.18 0.19 0.19 0.17 0.04 0.04 0 .03 
Clean Tap 0.50 0.25 0.15 0.07 
Lake Water 0.26 0.16 0.17 0.09 0.01. 0 . 0 1  0 .01  
Tap 3- F i s h  0 .48 0.37 0 .10 0.12 0 .17 0.12 0.06 0 .01  rid 
w a t e r  i n  p l a s t i c  e n c l o s e d  a r e a s  i n  l a t e  f a l l ,  1969,  i n  M i l l e r  Pond n e a r  
M o n t i c e l l o ,  I l l i n o i s .  The w a t e r  samples from t h e  v a r i o u s  t r e a t e d  a r e a s  
were c o l l e c t e d  every  day f o r  seven  days and ana lyzed  by u l t r a v i o l e t  
a b s o r p t i o n  t echn ique .  The d i q u a t  c o n t e q t s  of t h e  w a t e r  a r e  summarized i n  
Tab le  3. 
The r a t e  o f  a p p l i c a t i o n  of 0 . 5  ppm, t h e  average  amount of d i q u a t  
remaining a f t e r  24 h o u r s  from t h e  f i v e  t e s t s  was 0.17 ppm, i n d i c a t i n g  t h a t  
approximately  66 p e r c e n t  could  n o t  b e  d e t e c t e d  24 hours  a f t e r  a p p l i c a t i o n .  
A f t e r  48 h o u r s ,  l e s s  t h a n  10 p e r c e n t  (6  p e r c e n t )  o f  t h e  d i q u a t  remained.  
A t  a  r a t e  o f  1 pprn approxiniately 65 p e r c e n t  of t h e  d i q u a t  a p p l i e d  could  n o t  
be  d e t e c t e d  24 hours  a f t e r  a p p l i c a t i o n ,  and on ly  8  p e r c e n t  remained a f t e r  
48 h o u r s .  Trace  amounts remained 72 hours  a f t e r  a p p l i c a t i o n .  A t  t h e  r a t e  
of 5  pprn an average  1 . 8 3  pprn d i q u a t  remained 24 hours  a f t e r  a p p l i c a t i o n  
which i n d i c a t e d  t h a t  64 p e r c e n t  o f  t h e  d i q u a t  a p p l i e d  could  n o t  b e  d e t e c t e d .  
For ty -e igh t  hours  a f t e r  a p p l i c a t i o n  85 p e r c e n t  of t h e  d i q u a t  had d i sappeared .  
There  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  r a t e s  a t  which t h e  d i q u a t  d i s a p p e a r e d  
from t h e  w a t e r .  The d i q u a t  a p p l i e d  on September 25 and October  7  d i d  n o t  
d i s s i p a t e  a s  r a p i d l y  as t h e  d i q u a t  a p p l i e d  on t h e  o t h e r  d a t e s ,  and a s  t h e  
exper iments  con t inued  t h e  d i q u a t  d i sappeared  mQre r a p i d l y .  The w a t e r  
t empera tu re  averaged about  13' C .  d u r i n g  t h e  p e r i o d  of t h e s e  exper iments .  
The w a t e r  d u r i n g  t h i s  p e r i o d  w a s  ve ry  t u r b i d .  The cause  of t h e  t u r b i d i t y  was 
n o t  i n v e s t i g a t e d ,  b u t  appeared t o  be  a  phytoplankton a l g a e  bloom. 
The f o l l o w i n g  May and June ,  1970,  w e  i n v e s t i g a t e d  t h e  d i sappearance  
of d i q u a t  from test a r e a s  e n c l o s e d  by s h e e t s  of aluminum. I n  t h e s e  t e s t s  t h e  
d i q u a t  d i d  n o t  d i s s i p a t e  from t h e  w a t e r  a s  r a p i d l y  a s  i t  had dur ing  t h e  f a l l  
t e s t s .  With t h e  a p p l i c a t i o n  of 1 pprn an average  of 0.94 pprn was d e t e c t e d  24 
hours  a f t e r  a p p l i c a t i o n ,  and an average  o f  0 .53  pprn 4  days a f t e r  a p p l i c a t i o n .  
TABLE 3. DURATION OF DIQUAT IN NATURAL NATEB 
Part 1. Late Fall Application - Plastic Enclosed Areas 
DATE OF 
APPLICATION 24  hours 48 hours 72 haurs 96 hours 1 2 0  hours 144 haurs , -
Part 2 .  Spring Application 
DATE OF 
APPLICATION 1 day 2 days 3 days 4 days 5 days 6 days 7 days 8 days 9 days 11 days 13 days 
3.5 ppm 
Approximately 50 p e r c e n t  of t h e  5  ppm of d i q u a t  a p p l i e d  on May 18 ,  1970, 
was d e t e c t e d  8 days  a f t e r  t h i s  a p p l i c a t i o n .  F u r t h e r ,  approximately  50 
p e r c e n t  of 3 . 5  ppm a p p l i e d  OQ June 1 3 ,  1970, was measurab le  1 3  days  
a f t e r  a p p l i c a t i o n .  
I n  November, 1970, t h e  d u r a t i o n  of d i q u a t  i n  Miller Pond was a g a i n  
i n v e s t i g a t e d  i n  p l e x i g l a s s  enc losed  a r e a s .  The a v e r a g e  of t h e s e  exper iments  
a r e  g i v e n  i n  F i g u r e  1. For ty -e igh t  h o u r s  a f t e r  a p p l i c a t i o n  50 p e r c e n t  of 
t h e  d i q u a t  was d e t e c t e d  i n  t h e  wa te r  and i n  96 hours  t h e  l e v e l  had been 
reduced abou t  90 p e r c e n t .  
A body of w a t e r  i s  v e r y  dynamic and v a r i a b l e  th roughout  t h e  growing 
season .  The d a t a  r e p r e s e n t e d  above would s u g g e s t  t h a t  t h e  d i s s i p a t i o n  of 
d i q u a t  from wate r  a l s o  v a r i e s  c o n s i d e r a b l y .  I n  f a l l ,  from September t o  
e a r l y  November, 1969, t h e  d i q u a t  d i sappeared  a t  v a r i a b l e  rates and a t  
r e l a t i v e l y  low wate r  t empera tu res .  I n  t h e  t e s t s  t h e  f o l l o w i n g  s p r i n g  t h e  
wa te r  t e m p e r a t u r e s  were h i g h e r ,  a q u a t i c  p l a n t s  were p r e s e n t ,  y e t  t h e  d i q u a t  
d i sappeared  a t  a  s lower  r a t e  t h a n  i n  l a t e  f a l l .  Most of t h e  t e s t  a r e a s  i n  
May and June con ta ined  a q u a t i c  p l a n t s ,  b u t  t h e  water was v e r y  c l e a r ,  whereas 
i n  t h e  f a l l  t h e  wa te r  was t u r b i d .  I n  l a t e  September t h e  wa te r  was a  d a r k  
Rreen c o l o r  c h a r a c t e r i s t i c  of a  phytoplankton a l g a e  bloom. The g r e e n  c o l o r  
p e r s i s t e d  u n t i l  t h e  end of t h e  exper iments  i n  mid-November. Experiments 
were d i s c o n t i n u e d  due t o  t h e  i c e  cover  which developed i n  mid-November. 
The r a t e  of d i sappearance  i n  November, 1970, was d i f f e r e n t  from t h a t  of t h e  
p r e v i o u s  f a l l  and more c l o s e l y  fol lowed t h e  d i s s i p a t i o n  r a t e s  of t h e  
s p r i n g  s t u d i e s .  
Thus, i t  i s  apparen t  t h a t  d i q u a t  can d i s a p p e a r  v e r y  r a p i d l y  from 
pond wate r  under c e r t a i n  c o n d i t i o n s ,  b u t  may d i s s i p a t e  v e r y  s lowly  under 
o t h e r s .  
26] 48 72 96 
tiOURS FOLLO1h!ING APPLI  CATION 
F i g u r e  1. D I Q U A T  CONCENTRATION I N  A POND 96 HOURS 
FOLLOWING A P P L J C A T I O N  
Attempts  t o  f o l l ow  t h e  d i sappearance  of d i q u a t  from a  smal l  t o t a l  
pond a p p l i c a t i o n  were no t  s u c c e s s f u l .  I n  t h e  f i r s t  exper iment ,  d i q u a t  
a t  1 ppm app l i ed  on May 25, 1970, was n o t  d e t e c t e d  24 hou r s  a f t e r  t h e  
a n p l i c a t i o n .  Th is  exper iment  was r epea t ed  i n  t h e  same pond on June  13 ,  1970, 
and no d i q u a t  could be d e t e c t e d  on June 14.  F u r t h e r  ana ly se s  of t h e  pond 
wate r  f o r  3  a d d i t i o n a l  days  d i d  no t  i n d i c a t e  any d i q u a t .  The pond con ta ined  
a  heavy bloom of phytoplankton a l g a e  a t  t h e  t ime of each  a p p l i c a t i o n .  
Uptake of Diquat  and T rans loca t i on  of Diquat by Aquat ic  P l a n t s  
The s p e c i e s  u t i l i z e d  i n  t h i s  i n v e s t i g a t i o n  was d i c t a t e d  i n  p a r t  
by t h e  n a t u r a l  h e a l t h y  p l a n t s  a v a i l a b l e  and t h o s e  which would be s u i t a b l e  
14 f o r  t r a n s l o c a t i o n  s t u d i e s .  S ince  C is  a  v e r y  weak e m i t t e r ,  i t  i s  
nece s sa ry  t o  p l a c e  t h e  s h e e t  of pho tographic  f i l m  i n  d i r e c t  cQntact  w i th  t h e  
p l a n t s  t h a t  have taken  up c14. Many a q u a t i c  p l a n t s  such a s  c o o n t a i l ,  
Ceratophyllum demersum o r  n o r t h e r n  w a t e r m i l f o i l  Myriophyllum exa lbescens  
a r e  no t  s u i t a b l e  f o r  t h e  convent iona l  t r a n s l o c a t i o n  s t u d i e s .  A t  t h e  t ime 
of t h e s e  exper iments  t h e  a v a i l a b l e  p l a n t s  were sago pondweed and American 
pondweed. 
S ince  t h e  pr imary o b j e c t i v e  was t o  determine whether t h e  d i q u a t  exposed 
t o  e i t h e r  t h e  f o l i a g e  o r  r o o t  of t h e  p l a n t  would be t r a n s l o c a t e d  t o  t h e  o t h e r  
p a r t ,  no e f f o r t  was made t o  e s t i m a t e  t h e  amount of d i q u a t  t r a n s l o c a t e d ,  Th is  
would have r e q u i r e d  one o r  more a d d i t i o n a l  p l a n t s  exposed a s  i n d i c a t e d  above 
and t h e n  t h e  d iqua t  con t en t  of v a r i o u s  p a r t s  of t h e  p l a n t s  e s t ima t ed  u s ing  
l i q u i d  s c i n t i l l a t i o n  techn iques .  (The work of M r .  Underwood was i n t e r r u p t e d  
a t  t h i s  p o i n t  by h i s  be ing  inducted i n t o  t h e  Armed Forces  and t h e  work a f t e r  
t h i s  t ime was conducted by M r .  F i c k l e . )  
14 The up take  of C d i q u a t  by t h e  s h o o t s  of sago pondweed and American 
pondweed a r e  summarized i n  Table  4. 
TABLE 4 .  UPTAKE OF DIOUAT BY AQUATIC PLANTS 
App l i ca t i on  , #CL Af t e r  Exposure pCL Taken Up Pe rcen t  
SAGO PONDWEED 
F o l i a r  0 ,350 0.0743 0.2757 7 9 
Root 0.350 nd no t  d e t  . 
M R I C A N  PONDWEED 
F o l i a r  
Root 
During t h e  exposure  p e r i o d  of 48 h o u r s ,  0.28 P C  of c14 l a b e l e d  d i q u a t  
was removed from t h e  w a t e r ,  which i n d i c a t e s  t h a t  79 p e r c e n t  of t h e  a v a i l a b l e  
14 d i q u a t  was removed from t h e  w a t e r ,  The C d i q u a t  was n o t  t r a n s l o c a t e d  i n t o  
t h e  r o o t s  a f t e r  removal from t h e  w a t e r .  The r o o c s  were exposed t o  t h e  same 
q u a n t i t y  of d i q u g t  0.35 P C ,  b u t  i n  a  s m a l l e r  volume. The amount removed from 
t h e  w a t e r  was n o t  determined.  The c14 d i q u a t  absorbed by t h e  r o o t s  was n o t  
t r a n s l o c a t e d  i n t o  t h e  s h o o t s .  A n a l y s i s  of t h e  w a t e r ,  o u t s i d e  t h e  r o o t  c o n t a i n e r ,  
i n d i c a t e d  t h a t  a  good s e a l  had been ob ta fned  between t h e  two l i q u i d  i n t e r f a c e s  
and t h a t  l eakage  had n o t  occur red .  The American pandweed p l a n t  exposed t o  
0.7 P C  of d i q u a t  i n  900 m l  of wa te r  removed 0.499 P C  of d i q u a t  r e p r e s e n t i n g  
an up take  of 71 p e r c e n t  of t h e  a v a i l a b l e  d i q u a t  d u r i n g  t h e  70 h o u r s  of exposure .  
The c14 d i q u a t  was t r a n s l o c a t e d  i n t o  t h e  r o o t s .  The r o o t s  of a  second American 
pondweed p l a n t  were exposed t o  0.7 P C  of d i q u a t ,  The m o u n t  of d i q u a t  adsorbed 
d u r i n g  t h e  70 hours  of exposure  was n o t  determined.  The c14 d i q u a t  t aken  up 
was n o t  t r a n s l o c a t e d  i n t o  t h e  f o l i a r  p o r t i o n s  of t h e  p l a n t .  F u r t h e r  a n a l y s i s  
of t h e  w a t e r  i n d i c a t e d  t h a t  a  good s e a l  had been o b t a i n e d  and t h a t  t h e r e  was 
no l e a k a g e  of c14 from t h e  r o o t  compartment i n t o  t h e  f o l i a r  compartment. Thus, 
t h e  response  of Americas pondweed t o  t h e  f o l i a r  a p p l i e d  d i q u a t  was d i f f e r e n t  
f r ~ m  t h e  response  of the sago p~ndweed  t~ t h e  f o l i a r  a p p l i e d  d i q u a t ,  American 
pondweed is n o t  s u s c e p t i b l e  t o  d i q u a t .  Me cannot  de te rmine  i f  t h e  l a b e l e d  
d i q u a t  was degraded p r i o r  t o  t r a n s l o c a t i o n  g r  t r a n s l o c a t e d  i n t a c t .  It i s  
p o s s i b l e  t h a t  t h e  response  of American pondweed t o  d i q u a t  may b e  a  f a c t o r  a s  
t o  why American pondweed i s  n o t  s u s c e p t i b l e  t o  d i q u a t .  
Uptake of Diqua t  by B l u e g i l l s :  
During 54.5 hours  exposure  t o  0.7 il c  of c14 l a b e l e d  d i q u a t ,  i n  d i s t i l l e d  
w a t e r ,  (0.28 e c )  c~~ l a b e l e d  d i q u a t  were removed by t h e  5 i n c h  b l u e g i l l .  
Eight  t i s s u e s  were analyzed f o r  c14 con t en t  end t h e  d a t a  summarized i n  Table  
5 .  Where p o s s i b l e  t h e  t o t a l  amount of C 1 4  l a b e l e d  d i q u a t  i n  each organ was 
c a l c u l a t e d  and t h e s e  d a t a  a r e  summarized i n  Tah le  5 .  A second experiment 
was conducted i n  which t h e  h l u e ~ i l l  was exposed t o  more l abe l ed  d i q u a t  (0.98 P C )  
and exposure  t ime i nc r ea sed  (88 hours ) .  I n  t h e  f i r s t  experiment 40 pe r cen t  
of t h e  l a b e l e d  d i q u a t  was removed by t h e  s i n g l e  b l u e g i l l ,  whereas i n  t h e  longer  
exgosure  per iod  on ly  1 5  pe r cen t  of t h e  l a b e l e d  d i q u a t  had been removed. 
S ince  i n  t h e  s h o r t e r  exposure  per iod  g r e a t e r  q u a n t i t i e s  of c14 had been removed, 
t h e  l onge r  exposure  t ime i n d i c a t e d  t h a t  e i t h e r  t h e  c14 l a b e l e d  d i q u a t  had been 
degraded and l a b e l e d  p roduc t s  exc r e t ed  o r  t h e  C 1 4  l a b e l e d  d i q u a t  was being 
e l im ina t ed  from t h e  f i s h  t i s s u e s .  It is  n o t  p o s s i b l e  t o  determine which 
occur red  from t h e  d a t a  a v a i l a b l e  a t  t h e  p r e s e n t  t ime. 
Comparing t h e  amount of c14 l a b e l  d e t e c t e d  a t  t h e  two exposure  
t imes  on t h e  b a s i s  of same t i s s u e  weight ,  d i f f e r e n c e s  i n  t h e  amount of C 14 
l a b e l  pe r  0 . 1  gram of t i s s u e  a r e  no t  appa ren t .  The amounts of c14 d i q u a t  
found i n  t h e  l i v e r ,  sp l een ,  and eggs r e p r e s e n t s  C 1 4  d i q u a t  which ha s  been 
absorbed by t h e  t i s s u e s ,  whereas t h e  d i q u a t  con t en t  of t h e  stomach, p l y o r i c  
caecum, and g u t  r e p r e s e n t s  t h e  t i s s u e  of t hose  organs  p l u s  t h e  c o n t e n t s  of t h e s e  
organs  a t  end of t h e  exposure pe r i od .  The s c a l e s  and g i l l s  were t i s s u e s  which 
were exposed t o  t h e  d i q u a t  con t a in ing  wate r .  The g i l l s  a r e  a l s o  absorb ing  
t i s s u e s ,  hence t h e  d iqua t  of t h e s e  could r e p r e s e n t  adsorbed c14 d i q u a t  and 
c14 d i q u a t  absorbed,  o r  i n  t h e  p roce s s  of being absorbed a t  t h e  end of t h e  
exposure  pe r i od .  
The t o t a l  q u a n t i t i e s  of c14 d i q u a t  i n  t h e  l i v e r  was ve ry  c l o s e  a t  t h e  
two exposure  pe r i ods ,  however, on t h e  same weight b a s i s  t h e  l i v e r  t i s s u e s  
con ta ined  l e s s  d i q u a t  a f t e r  88 hours  of exposure ,  than  a f t e r  54.5 hours .  The 
d i q u a t  con t en t  of t h e  stomach, p l y o r i c  caecum,and g u t  on t h e  b a s i s  of t i s s u e  
weigh t ,  more d i q u a t  was found a f t e r  88 hours  of exposure  than  a f t e r  54.5 hours  
TABLE 5 .  UPTAKE OF DIQUAT FROM MATER BY BLUEGILL AND DISTRIBUTION IN  
SOME F I S H  TISSUES 
HOURS OF LENGTH WEIGHT TOTAL DIQUAT uCT TAKEN UP PERCENT 
EXPOSURE i n c h e s  g r a m s  Y c TAKEN UP 
ORGAN HOURS ORGAN NET COUNT u C I  /O.lgram TOTAL PC PERCENT OF 
uF EXPOSURE TJE IGHT MIN PER TISSUE I N  ORGAN TOTAL 
SAMPLE 
ANALYZED 
L i v e r  
54.5 0.219 1,494 3 . 0 7 ~ 1 0 1 ~  6.72~101: 0.0022 
8 8 0.579 527 1.13X10 6.50X10 0.0043 
S p l e e n  
54.5 0.028 11 l . 8 ~ 1 0 - ~  4 . 9 5 ~ 1 0 ~ ~  0.00002 
88 0.061 n d  
S t o m a c h  
54.5 0.303 223 0 . 3 3 ~ 1 0 ~ ~  1 . 0 ~ 1  o - ~  0.0003 
88 0.327 515 1. 2 9 x l 0 - ~  4 . 2 1 ~ 1 0 ~ ~  0.0003 
P l y o r i c  C a e c u m  
54.5 0.176 346 0.88~10:: 1 .55~101:  0.0028 
88 0.335 735 1.91X10 6.40X10 0.0042 
G u t  
54.5  0.303 370 0.55~101: 1 . 6  7x101; 0,0006 
8 8 0 .413 4,038 0.7lX10 2.93X10 0.0019 
S c a l e  
54.5 0.106 1 8  -5 7.5X10 -4 
8 8 0.141 3 12 0.99X10 
Gill 
54.5  
of exposure ,  and consequen t ly  t h e  t o t a l  amount i n  e a c h  o rgan  was g r e a t e r .  
There  was l e s s  c14 d i q u a t  d e t e c t e d  i n  s c a l e s  a f t e r  88 hours  t h a n  a f t e r  54.5 
hours  of exposure .  
How t o  e x p r e s s  t h e s e  d a t a  i s  v e r y  i m p o r t a n t .  For example, e x p r e s s i n g  
t h e  t o t a l  amount of d i q u a t  p r e s e n t  a f t e r  t h e  exposure  p e r i o d  would i n d i c a t e  
approx imate ly  t h e  same t o t a l  amount of d i q u a t ,  b u t  s i n c e  t h e  w e i g h t s  of t h e  
l i v e r s  f rom t h e  two b l u e g i l l s  were d i f f e r e n t ,  t h e  t i s s u e  c o n t e n t  of d i q u a t  
was h i g h e r  a f t e r  54.5 hours  e x p s s u r e  t h a n  a f t e r  a n  exposure  of 88 hours .  
T h i s  would s u g g e s t  t h a t  t h e  d i q u a t  c o n t e n t  of l i v e r  t i s s u e s  had d e c r e a s e d ,  
whereas  each  l i v e r  r e p r e s e n t e d  c o n t a i n e d  approx imate ly  t h e  same t o t a l  
amount of c14. Eggs r e p r e s e n t  a  s i m i l a r  p i c t u r e ,  a s  t h e r e  was a  d e c r e a s e  
i n  c14 t i s s u e  c o n t e n t  w i t h  t ime ,  b u t  t h e  t o t a l  egg d i q u a t  c o n t e n t  was g r e a t e r  
a f t e r  88 hours  of exposure .  However, t h e  egg mass of t h e  b l u e g i l l  exposed 
f o r  88 h o u r s  was 5 t i m e s  t h e  egg mass of t h e  b l u e g i l l  exposed 54.5 hours .  
P e r c e n t  of t h e  t o t a l  amount t a k e n  up and r e t a i n e d  can  a l s o  be  v e r y  
m i s l e a d i n g  s i n c e  d u r i n g  88 h o u r s  of exposure ,  t h e  t o t a l  amount t a k e n  up 
was l e s s  t h a n  d u r i n g  54.5  h o u r s  exposure  and whereas t h e  p e r c e n t a g e  of t o t a l  
amount talcen up was g r e a t e r .  
For  t h e  purposes  of t h i s  d i s c u s s i o n ,  we a r e  go ing  t o  assume t h a t  t h e  
c14 measured th roughout  t h e  d u r a t i o n  of t h e  exper iments  r e p r e s e n t e d  c14 d i q u a t  
u n t i l  we have shown t h a t  t h e  f i s h  t i s s u e s  had degraded t h e  c~~ l a b e l e d  d i q u a t .  
No c14 r e c o v e r y  s t u d i e s  from b l u e g i l l  t i s s u e  were a t t empted .  These s t u d i e s  
were conducted l o n g e r  t h a n  d e s i r e d  t o  e s t i m a t e  t h e  u p t a k e  d u r i n g  t h e  f i r s t  24 
and 48 h o u r s  of exposure .  The d i q u a t  c o n c e n t r a t i o n  a f t e r  a p p l - i c a t i o n  f o r  weed 
c o n t r o l  would be  h i g h e s t  d u r i n g  t h e  f i r s t  24-hours and would r e p r e s e n t  t h e  
p e r i o d  of maximum exposure .  F u r t h e r ,  o n l y  8  h l u e g i l l  t i s s u e s  were i n v e s t i g a t e d .  
I n  a  companion s t u d y ,  a d d i t i o n a l  t i s s u e s  v e r e  s t u d i e d  b u t  t h e s e  were developed 
a f t e r  t h i s  s t u d y ,  and t h e  up take  and amounts of d i q u a t  i n  a d d i t i o n a l  t i s s u e s  
need t o  be  i n v e s t i g a t e d  p a r t i c u l a r l y  t h e  con t en t  of muscle t i s s u e .  A l l  
of t h e  t i s s u e s  i n v e s t i g a t e d  a r e  d i s ca rded  du r ing  t h e  p r e p a r a t i o n  of f i s h  
t i s s u e  f o r  human food and muscle t i s s u e  r e p r e s e n t s  t h e  l a r g e s t  source  
of h e r b i c i d e  contaminat ion t h a t  could g a i n  e n t r y  i n t o  humans. 
Recovery of Diquat  from Water, S o i l ,  and P l a n t s  
14 Ten lambda, con t a in ing  0.35 p c  of C l a b e l e d  d i q u a t  p l u s  c a r r i e r  
d i q u a t  t o  g i v e  a  t o t a l  d iqua t  concen t r a t i on  of 5  ppm were added t o  1 l i t e r  
of water  i n  a  3 l i t e r  g l a s s  j a r .  One m l  of wa te r  was removed and s c i n t i l l a t i o n  
c o c k t a i l  added and t o t a l  counts  determined. A f t e r  nece s sa ry  c a l c u l a t i o n s  i t  
was ev iden t  t h a t  99 pe r cen t  of t h e  c14 d i q u a t  can be determined by t h i s  method. 
S ince  t h e  d i q u a t  adsorbed by s o i l  o r  t h e  d iqua t  absorbed by p l a n t  
m a t e r i a l  could no t  r e a d i l y  be  recovered and es t imated  u s ing  t h e  d i t h i o n i t e  
c o l o r i m e t r i c  method, t h e  e s t i m a t i o n  of c14 d i q u a t  recovered from s o i l  o r  
p l a n t  d e b r i s  was under taken by r e f l u x i n g ,  c l a r i f y i n g  by t h e  u s u a l  pub l i shed  
14 procedure ,  and t h e  C d i q u a t  con ten t  of r e s u l t i n g  supe rna t an t  was e s t ima t ed  
u s ing  l i q u i d  s c i n t i l l a t i o n  techn iques .  ( I n  t h e s e  exper iments  c a r r i e r  d i q u a t  
had been added a s  we l l  a s  c14 d i q u a t  t o  g i v e  a concen t r a t i on  of d i q u a t  of 5  ppm.) 
A t o t a l  of 0.224 p c  of c14 d iqua t  was recovered ,  which r e p r e s e n t s  64 p e r c e n t  
of t h e  0.35 yc added t o  and adsorbed by t h e  s o i l .  
S i m i l a r l y ,  c14 d iqua t  was added t o  d r i e d  c u r l ~ l e a f  pondweed, P. c r i s p u s ,  
d e b r i s  and a f t e r  a l lowing  some t ime f o r  a d s o r p t i o n  of t h e  d i q u a t ,  t h e  p l a n t  sample 
was oven d r i e d ,  r e f l uxed  w i t h  3 N  H SO f o r  2  hours ;  an a l i q u o t  of t h e  supe rna t an t  2  4  
was n e u t r a l i z e d ,  d i l u t e d  t o  known volume and c14 con t en t  of an a l i q u o t  determined 
us ing  l i q u i d  s c i n t i l l a t i o n  techn iques .  A t o t a l  of 95x10-~  e C  was recovered by 
t h e  a c i d  d i g e s t i o n  techn ique  which r ep re sen t ed  a  recovery  of 61  p e r c e n t .  
Adsorp t ion  of Diqua t  by H y d r o s o i l s  
Diqua t  was n o t  r a p i d l y  degraded by w a t e r  a s  i n d i c a t e d  by t h e  long 
p e r i o d  t h a t  d i q u a t  can be d e t e c t e d  i n  w a t e r .  Under some c o n d i t i o n s  d i q u a t  
can be r a p i d l y  removed from w a t e r .  S i n c e  d i q u a t  would b e  a p p l i e d  i n t o  t h e  
w a t e r  f o r  t h e  removal of an  w i s t i n g  devse  s t a n d  of a q u a t i c  p l a n t s ,  and t h e  
w a t e r  i s  u s u a l l y  r e l a t i v e l y  c l e a r  a t  t h i s  t i n e ,  t h e  a q u a t i c  p l a n t s  can 
remove from the w a t e r  c o n s i d e r a b l e  amounts of d i q u a t .  F u r t h e r ,  we have 
shown t h a t  b l u e g i l l s  and presumably o t h e r  f i s h  would a l s o  remove some of t h e  
d i q u a t  d u r i n g  t h e  exposure  p e r i o d .  Idhat happens t o  any d i q u a t  t h a t  a r e  n o t  
absorbed by t h e  a q u a t i c  b i o t a ?  The h y d r o s o i l  r e p r e s e n t s  a n o t h e r  component 
t h a t  can remove d i q u a t .  To i n v e s t i g a t e  t h e  r o l e  of t h e  h y d r o s o i l  i n  t h e  
removal of d i q u a t ,  t h e  l e n g t h  of t ime  r e q u i r e d  f o r  t h e  h y d r o s o i l  t o  remove 
d i q u a t  from w a t e r  above t h e  h y d r o s o i l  was e s t i m a t e d  i n  t h e  l a b o r a t o r y .  The 
r e s u l t s  of t h e s e  exper iments  a r e  summarized i n  F i g u r e  2 .  A f t e r  4 days  exposure  
of h y d r o s o i l  t o  a  wa te r  s o l u t i o n  c o n t a i n i n g  1 0  ug of d i q u a t  p e r  m l  of w a t e r  
t h e  d i q u a t  c o n c e n t r a t i o n  had been reduced t o  approx imate ly  4 ppm. From 4 t o  9 
days  t h e  d i q u a t  c o n c e n t r a t i o n s  were reduced t o  approx imate ly  0 . 1  ppm, which 
was n o t  s u b s t a n t i a l l y  reduced below t h i s .  These d a t a  i n d i c a t e  t h a t  h y d r o s o i l  
can remove most of t h e  d i q u a t  from w a t e r .  
The a d s o r p t i o n  of d i q u a t  from w a t e r  was i n v e s t i g a t e d  f u r t h e r  by comparing 
t h e  a d s o r p t i o n  of d i q u a t  by t h e  h y d r o s o i l s  from d i f f e r e n t  b o d i e s  of w a t e r .  These 
h y d r o s o i l s  were  s e l e c t e d  a s  t h e y  r e p r e s e n t  b o d i e s  of w a t e r  formed by d i f f e r e n t  
t e c h n i q u e s ,  and v a r i e d  i n  the l e n g t h  of t ime  s i n c e  c o n s t r u c t i o n  and a l s o  
r e p r e s e n t e d  d i f f e r e n t  a r e a s  and pe rhaps  d i f f e r e n t  s o i l  s u b s t r a t e s .  The 
a d s o r p t i o n  of d i q u a t  by t h e s e  v a r i o u s  h y d r o s o i l s  a r e  summarized i n  F i g u r e s  3 and 4 .  
Up t o  a  l e v e l  of 250 u g h 1  of d i q u a t  i n  wa te r  s o l u t i o n ,  a l l  t h e  s o i l s  adsorbed 
approx imate ly  t h e  same amounts of d i q u a t .  The a d s o r p t i o n  v a r i e d  from 250 t o  500 
ug/ml of d i q u a t .  The h y d r o s o i l  from A l l e r t o n  Lake adsorbed s l i g h t l y  under  
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500 ug,  whereas t h e  h y d r o s o i l  from Hedge Pond adsorbed s l i g h t l y  over  250 yg. 
Exposed t o  a  d i q u a t  l e v e l  of 1000 yg/mi. of d i q u a t  A l l e r t o n  Lake h y d r o s o i l  
adsorbed approximately  800 ug whereas t h e  h y d r o s o i l  from Hedge Pond adsorbed 
o n l y  about  250 ug o r  approx imate ly  25 p e r c e n t .  The h y d r o s o i l s  from t h e  o t h e r  
f o u r  b o d i e s  of wa te r  ranged between t h e s e  two extremes.  
The p e r c e n t  of o r g a n i c  m a t t e r ,  c a t i o n  exchange c a p a c i t y ,  p e r c e n t  
sand ,  s i l t  and c l a y  of t h e  h y d r o s o i l s  from t h e  s i x  b o d i e s  of w a t e r  are g iven  
i n  T a b l e  6. 
The p e r c e n t  of o r g a n i c  m a t t e r  of t h e  h y d r o s o i l s  from t h e  s i x  b o d i e s  
of w a t e r  v a r i e d  from a  low of 1 .64 & r c e n t  f o r  t h e  h y d r o s o i l  from Duck Pond 
t o  a  h i g h  of 7.63 p e r c e n t  from t h e  h y d r o s o i l  from Big Pond. The c a t i o n  
exchange c a p a c i t y  a l s o  v a r i e d  wide ly  from a  low of 6.8 by t h e  h y d r o s o i l  
from Hedge Pond t o  a  h i g h  of 21.2 f o r  t h e  h y d r o s o i l  from A l l e r t o n  Lake. 
The p e r c e n t  of sand ranged from a  low of 4.6 f o r  t h e  h y d r o s o i l  from Big Pond t o  
a  h i g h  of 78.2 p e r c e n t  f o r  t h e  h y d r o s o i l  from Hedge Pond. S i l t  ranged from 
a  low of 18 .5  p e r c e n t  (Hedge Pond) t o  a  h i g h  of 67.7 p e r c e n t  (Big pond).  
Clay c o n t e n t  a l s o  v a r i e d  wide ly  from a  low of 3 . 1  p e r c e n t  (Hedge Pond) t o  a  
h i g h  of 27.7 p e r c e n t  (Big Pond). 
The b ind ing  of d i q u a t  t o  t h e  h y d r o s o i l s  a p p e a r s  t o  be  c o r r e l a t e d  w i t h  
t h e  c a t i o n  exchange c a p a c i t y ,  w i t h  an average  c o r r e l a t i o n  c o e f f i c i e n t  of 
0 .91 ,  and t o  a  l e s s e r  e x t e n t  w i t h  s i l t  con ten t  and c l a y  c o n t e n t ,  w i t h  a  
c o r r e l a t i o n  c o e f f i c i e n t  of 0.79,  as  t h e  h y d r o s o i l s  from A l l e r t o n  Lake and 
Big Pond bound more d i q u a t  t h a n  t h e  h y d r o s o i l s  from t h e  o t h e r  b o d i e s  of 
w a t e r .  Duck Pond, M i l l e r  Pond and Hedge Pond h y d r o s o i l s  c o n t a i n e d  more 
sand and l e s s  s i l t  and c l a y  and d i d  n o t  b ind  a s  much d i q u a t  a s  t h e  o t h e r  
h y d r o s ~ i l s  from o t h e r  b o d i e s  of w a t e r .  The c a t i o n  exchange c a p a c i t y  of t h e s e  
l a t t e r  h y d r o s o i l s  was l e s s  t h a n  t h e  h y d r o s o i l s  from t h e  o t h e r  b o d i e s  of wa te r .  
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The b ind ing  of d i q u a t  does n o t  appear  t o  b e  c o r r e l a t e d ,  c o r r e l a t i o n  c o e f f i c i e n t  
0.48 P  - > 0.05,  w i t h  o r g a n i c  m a t t e r  c o n t e n t  a s  Eig  Pond and E l u e b i r d  Pond 
h y d r o s o i l s  c o n t a i n e d  more o r g a n i c  m a t t e r  t h a n  t h e  h y d r o s o i l s  from t h e  o t h e r  
b o d i e s  of w a t e r ,  b u t  bound l e s s  d i q u a t  t h a n  t h e  h y d r o s o i l  from A l l e r t o n  Lake. 
A l l e r t o n  Lake h y d r o s o i l  con ta ined  l e s s  si l t ,  c l a y  and o r g a n i c  m a t t e r  than t h e  
h y d r o s o i l  from Big Pond y e t  bound more d i q u a t .  The h y d r o s o i l  from A l l e r t o n  Lake 
a l s o  had a  s l i g h t l y  g r e a t e r  c a t i o n  exchange c a p a c i t y .  
Desorpt  i o n  of Diquat  
The A l l e r t o n  Lake and Miller Pond h y d r o s o i l  from t h e  500 and l O G O  pg/ml 
a d s o r p t i o n  exper iments  were s u b j e c t e d  t o  d e s o r p t i o n  exper iments  and t h e  d a t a .  
a r e  summarized i n  F i g u r e  5 .  A t  t h e  500 ug/ml l e v e l ,  33 p e r c e n t  of t h e  d i q u a t  
was desorbed ,  and a t  t h e  1000 pg/ml l e v e l  on ly  15  p e r c e n t  of t h e  t o t a l  d i q u a t  
adsorbed was desorbed.  I n  c o n t r a s t  68 p e r c e n t  of d i q u a t  adsorbed was desorbed 
from t h e  h y d r o s o i l  from Miller Pond a t  t h e  500 pg/ml l e v e l  exper iment  and 
65 p e r c e n t  of t h e  adsorbed d i q u a t  was removed from t h e  h y d r o s o i l  a f t e r  a d s o r p t i o n  
a t  t h e  1000 pg/ml d i q u a t  l e v e l .  A t  lower c o n c e n t r a t i ~ n s  of d i q u a t  s m a l l e r  
amounts of t h e  c a t i o n  were removed. These d a t a  would sugges t  t h a t  t h e  
h y d r o s o i l s  h i g h  i n  c a t i o n  exchange c a p a c i t y ,  i . e . ,  of t h e  h y d r o s o i l s  from 
A l l e r t o n  Lake, Big Pond, and Blueb i rd  Ponds adsorbed more d i q u a t  t h a n  t h o s e  
h y d r o s o i l s  w i t h  lower c a t i o n  exchange c a p a c i t y ,  i . e . ,  t h e  h y d r o s o i l s  from 
M i l l e r ,  Duck and Hedge Ponds, b u t  t h e s e  h y d r o s o i l s  a l s o  r e t a i n  more d i q u a t  
i n  d e s o r p t i o n  exper iments .  A l l  t h e  h y d r o s o i l s  adsorbed d i q u a t  up t o  a  l e v e l  
of 250 pg/ml t o  approximately  t h e  same e x t e n t ,  (F igure  3) b u t  above t h e  250 
pg/ml l e v e l  of d i q u a t  t h e  a d s o r p t i o n  v a r i e d .  The d i q u a t  bound, by t h e  
h y d r o s o i l  from l l i l l e r  Pond, above t h e  250 yg/rnl d i q u a t  l e v e l ,  a p p a r e n t l y  was 
more l o o s e l y  bound t h a n  t h e  d i q u a t  adsorbed by t h e  h y d r o s o i l  f r o m M i l l e r  Pond 
a t  d i q u a t  c o n c e n t r a t i o n s  up t o  250 pg/ml and p robab ly  i n d i c a t e s  a  d i f f e r e n t  
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bonding mechanism f o r  t h e  d i q u a t  adsorbed by t h e  h y d r o s o i l  above t h e  c a t i o n  
exchange c a p a c i t y  of t h e  h y d r a s o i l  t h a n  t h e  d i q u a t  adsorbed a t  low l e v e l s  
of d i q u a t  and b e f o r e  t h e  c a t i o ~  exchange c a p a c i t y  h a s  been exceeded. It 
would appear  t h a t  t h e  e x c e s s  d i q u a t  adsorbed i s  more e a s i l y  removed t h a n  
t h e  d i q u a t  adsorbed presumably by the s i t e s  u s u a l l y  measured and d e s i g n a t e d  
a s  c a t i o n  exchange sites. The d i q u a t  adsorbed by t h e s e  s i tes was more 
s t r o n g l y  bound and was n o t  r e a d i l y  desorbed.  
IV DISCUSSION 
Laboratory s t u d i e s  i n d i c a t e  t h a t  d i q u a t  can be d e t e c t e d  i n  water  f o r  
c o n s i d e r a b l e  p e r i o d s  of t ime.  The sou rce  and t r e a tmen t  of wate r  p r i o r  t o  
u se  d i d  n o t  appear  t o  a f f e c t  t h e  d i sappearance  of d i q u a t .  
Diquat was found t o  remain i n  n a t u r a l  water  f o r  p e r i o d s  up t o  10  days .  
However, a t  t h e  u s u a l  r a t e  of a p p l i c a t i o n  of 0.5 t o  1 . 0  ppm, d i q u a t  was no t  
u s u a l l y  d e t e c t a b l e  24 t o  48 hours  a f t e r  a p p l i c a t i o n .  A t  h i ghe r  r a t e s  d iqua t  
was d e t e c t e d  f o r  longer  p e r i o d s  a f t e r  a p p l i c a t i o n .  Thus, water  i t s e l f  
appears  t o  have ve ry  l i t t l e  e f f e c t  on d i q u a t  and p r i m a r i l y  s e r v e s  on ly  a s  
t h e  medium of t r a n s p o r t  o r  suspens ion .  Other f a c t o r s  a r e  p r i m a r i l y  
r e s p o n s i b l e  f o r  i t s  removal from wa te r .  S ince  a t  t h e  u s u a l  r a t e s  of 
a p p l i c a t i o n ,  d iqua t  was n o t  d e t e c t e d  24 hou r s  a f t e r  a p p l i c a t i o n ,  t h e  
a q u a t i c  p l a n t s  must r a p i d l y  t a k e  up t h e  d i q u a t  from t h e  wate r .  Sago 
pondweed, a  p l a n t  s u s c e p t i b l e  t o  d i q u a t ,  was found t o  remove over 70 
p e r c e n t  of t h e  d i q u a t  dur ing  a  48-hour pe r i od .  A non-suscep t ib le  p l a n t ,  
American pondweed, was a l s o  found t o  r a p i d l y  remove d i q u a t .  The 
assumption h a s  been made t h a t  non-suscep t ib le  p l a n t s  may n o t  absorb t h e  
h e r b i c i d e ,  bu t  American pondweed r e a d i l y  absorbed d i q u a t  from t h e  wate r .  
F u r t h e r ,  s i n c e  c14 taken i n  a s  c14 d iqua t  was t r a n s l o c a t e d  i n  American 
pondweed, t h i s  would sugges t ,  e i t h e r  t h a t  d iqua t  was metabol ized o r  
degraded i n  American pondueed, o r  t h a t  d i q u a t  was t r a n s l o c a t e d .  
B l u e g i l l s  a l s o  were found t o  remove d iqua t  from wate r .  The s t u d i e s  
i n d i c a t e d  above were longer  than  a  more d e s i r a b l e  24-hour p e r i o d ,  bu t  t h e  
d a t a  i n d i c a t e  t h a t  d iqua t  can be  removed by f i s h e s .  Kowever, a s  t h e  l e n g t h  
of exposure  t o  d iqua t  was con t inued ,  l e s s  d i q u a t  would appear  t o  have been 
absorbed.  F u r t h e r ,  i t  cannot  b e  t o l d  Erom t h e  d a t a  i f  th is  a p p a r e n t  l e s s  
a b s a r p t i o n  was t h e  r e s u l t  of c14 diquaL b e i n g  e l i m i n a t e d  from t h e  b l u e g i l l s ,  
o r  was t b e  d i q u a t  metabo l ized  and t h e  c14 m e t a b o l i c  p r o d u c t s  e l i m i n a t e d  
from t h e  b l u e g i l l s .  F u r t h e r  work w i l l  have t o  be  under taken t o  
e x p l o r e  t h i s  p o i n t .  
The c14 i n  t h e  d i q u a t  removed from t h e  wate r  by t h e  b l u e g i l l s  was 
found i n  s e v e r a l  t i s s u e s  and t h e  c14 c o n t e n t  of t h e s e  t i s s u e s  was found t o  
change d u r i n g  t h e  t ime of exposure .  The c o n t e n t  of d i q u a t  i n  t h e  l i v e r  
a p p a r e n t l y  d e c r e a s e d ,  whereas t h e  c o n t e n t  i n  t h e  stomach, p l y o r i c  caecum, 
and g u t  i n c r e a s e d ,  The d i q u a t  c o n t e n t  of g i l l s  and eggs  d i d  n o t  
a p p r e c i a b l y  change. S i n c e  t h e s e  up take  s t u d i e s  were under taken  t o  de te rmine  
i f  b l u e g i l l s  cou ld  remove d iquac ,  on ly  a  few t i s s u e s  were ana lyzed  f o r  t h e i r  
c14 and presumably d i q u a t  c o n t e n t ,  v e r y  l i t t l e  can be deduced abou t  t h e  
p o t e n t i a l  of d i q u a t  g e t t i n g  i n t o  t h e  human food cha in  by way of f i s h e s .  F i s h  
muscle  t i s s u e  which r e p r e s e n t s  t h e  pr imary p o r t i o n s  of t h e  f i s h  used f o r  
food was n o t  u t i l i z e d  i n  t h i s  s t u d y ,  A l l  t h e  t i s s u e s  analyzed i n  t h e  above 
c i t e d  exper iment  a r e  u s u a l l y  d i s c a r d e d  and do n o t  p o s s e s s  any p o t e n t i a l  hazard  
t o  be ing  a  p a r t  of t h e  human f i s h  food web. F u r t h e r  work must be  under taken  
t o  de te rmine  i f  d i q u a t  was metabo l ized  by t h e  b l u e g i l l  o r  was t h e  d i q u a t  
e l i m i n a t e d  from t h e  b l u e g i l l .  
Any d i q u a t  which i s  n o t  absorbed by p l a n t s  o r  f i s h e s  o r  o t h e r  a q u a t i c  
b i o t a  was removed from t h e  wate r  by t h e  h y d r o s o i l  (Figure  2 ) .  During t h e  
f i r s t  f o u r  days ,  approximately  90 p e r c e n t  of t h e  d i q u a t  had been removed. 
The h y d r o s o i l  was a c t i n g  a s  a  s i n k  o r  r e p o s i t o r y  f o r  t h e  d i q u a t .  T h i s  was 
a p p a r e n t l y  a  s imple  chemical  bond r e p r e s e n t i n g  t h e  i n t e r a c t i o n  of s o i l  and 
d i q u a t .  The r a t e s  used i n  this s t u d y  were from 10 t o  20 t i m e s  t h e  u s u a l  
sugges ted  r a t e  f o r  a q u a t i c  p l a n t  c o n t r o l  (0.5 t o  1 . 0  ppm dependent upon t h e  
a q u a t i c  p l a n t )  and t h e  t ime r e q u i r e d  t o  remove t h e  d i q u a t  p robab ly  r e p r e s e n t s  
t h e  t ime nece s sa ry  f o r  t h e  d i f f u s i o n  of t h e  d i q u a t  through t h e  t o t a l  water  
volume. The water  was n o t  a g i t a t e d  i n  t h i s  exper iment ,  bu t  i t  was found t h a t  
a g i t a t i n g  t h e  wate r  reduced t h e  t ime r equ i r ed  f o r  t h e  h y d r o s o i l  t o  remove 
t h e  d iqua t  from t h e  water  (F igure  5 ) .  
The h y d r o s o i l s  from t h e  v a r i o u s  bod i e s  of wate r  v a r i e d  cons ide r ab ly  
due t o  t h e  s u b s t r a t e  s o i l  t h a t  c o n s t i t u t e s  t h e  pond bottom, due a l s o  t o  t h e  
p o s s i b l e  accumulat ion o r  non-accumula t i~n  of silt due t o  t h e  d e b r i s  t h a t  f a l l s  
o r  blows i n t o  t h e  body of wa t e r ,  t h e  age of t h e  pond du r ing  which t h e  o rgan i c  
m a t t e r  and s i l t  may o r  may no t  accumulate,  and t h e  u s e s  of t h e  watershed 
and /o r  sur rounding  a g r i c u l t u r a l  l ands .  A b r i e f  d e s c r i p t i o n  ~ f  t h e  bod i e s  
of wate r  f o l l ows .  
A l l e r t o n  Lake i s  a  14.5  a c r e  l a k e  l o c a t e d  on t h e  U n i v e r s i t y  of I l l i n o i s  
4-B Club Camp i n  P i a t t  County nea r  Mon t i ce l l o ,  I l l i n o i s .  The immediate surrounding 
land  i s  i n  g r a s s  o r  woodland, but  t h e  land o u t s i d e  t h e  con f ine s  of A l l e r t o n  
Park  i s  i n  row crops .  This  l a k e  was formed by t h e  c o n s t r u c t i o n  of an e a r t h e n  
dam a c r o s s  an e x i s t i n g  waterway. This  l a k e  was b u i l t  in '  1957 and is  t h e  
on ly  body of water  of t h e  six i n d i c a t e d  i n  F igu re  3 t h a t  probably r e c e i v e s  
l a r g e  amounts of s u r f a c e  wate r  and p o s s i b l y  s i l t  from t h e  a d j a c e n t  
a g r i c u l t u r a l  land.  
Big Pond i s  t h e  r e s u l t  of a  former g r a v e l  s t r i p p i n g  o p e r a t i o n  on 
t h e  Will iam Ut te rback  farm sou thea s t  of Gibson C i t y ,  I l l i n o i s .  The 
pond h a s  approximately  4  s u r f a c e  a c r e s  of water  a sd  t h e  water  l e v e l  r e p r e s e n t s  
t h e  l e v e l  of wate r  t a b l e s  i n  t h a t  a r e a .  S p o i l  banks j u t  i s t o  t h e  body of 
wate r  and i t  ha s  s e v e r a l  i s l a n d s .  It i s  l oca t ed  i n  r e l a t i v e l y  f l a t  a g r i c u l t u r a l  
l and ,  and probably does  n o t  r e c e i v e  much s u r f a c e  runoff  except  from t h e  
s p o i l  banks.  The s p o i l  banks have heen overgrown w i t h  wi l lows and o t h e r  
p l a n t s .  The pond has cons ide r ab l e  s h o r e l i n e .  The pond is  approximately  
25 y e a r s  of age,  and i s  l oca t ed  i n  Ford County j u s t  n o r t h  of Champaign 
County. 
Blueb i rd  Pond i s  l oca t ed  i n  Vermil ion County approximately  25 
m i l e s  e a s t  of Urbana. It was formed by coa l - s t r i pp ing  o p e r a t i o n s  du r ing  
t h e  e a r l y  1920 ' s .  An e a r t h e n  dam a t  t h e  o u t l e t  of t h i s  a r e a  r a i s e d  t h e  
wate r  l e v e l  s e v e r a l  f e e t  and formed t h e  bod i e s  of water  known as t h e  Pollywog 
Assoc i a t i on ,  w i th  approximately  200 s u r f a c e  a c r e s  of i n t e r connec t ed  wate r .  
S p o i l  banks extend around and through t h e  ponds. Th is  complex ha s  been 
a p r i v a t e  f i s h i n g  c lub  f o r  many yea r s .  
Duck Pond, l o c a t e d  near  ~ l u e b i r d  Pond i n  t h e  Pollywog Assoc i a t i on  
complex, h a s  a s u r f a c e  a r e a  of f i v e  a c r e s  and is  i s o l a t e d  from t h e  
o t h e r  wate r .  About 6 y e a r s  ago a smal l  amount of c o a l  was removed from a 
s e c t i o n  of t h i s  pond. 
M i l l e r  Pond i s  l oca t ed  i n  P i a t t  County and has 6 a c r e s  of water  
s u r f a c e .  It was formed by t h e  c o n s t r u c t i o n  of an e a r t h e n  dam on two s i d e s .  
It h a s  a ve ry  l i m i t e d  watershed,  c o n s i s t i n g  of 15 a c r e s  of woodlands, 
b u t  i t  i s  a l s o  f ed  from a d r a i n  t i l e  d r a i n i n g  ad j acen t  c rop land .  A 
swimming a r e a  was cons t ruc t ed  a long one edge of t h e  pond by p l a c i n g  sand 
f o r  a beach. Th i s  makes a ve ry  good a r e a  f o r  t e s t  p l o t s  and t h e  h y d r o s o i l  
samples came from t h i s  a r e a .  M i l l e r  Pond ha s  a ve ry  hard bottom throughout  
and i t  was v e r y  d i f f i c u l t  t o  p l a c e  3/8" s t e e l  s t a k e s  i n t o  t h i s  pond bottom. 
Hedge Pond (4 a c r e s )  i s  a l s o  l o c a t e d  on t h e  B i l l i a m  Ut te rback  farm.  
It was excavated p r i o r  t o  1957 and s i n c e  ha s  been used f o r  swimming and 
f i s h i n g  . 
A l l  of t h e s e  bod i e s  of water  have had a t  sometime s i n c e  1959 o r  1960, 
e i t h e r  an  e x t e n s i v e  a q u a t i c  p l a n t  popu l a t i on ,  f i l amen tous  a l g a e  problems, o r  
s e v e r e  pllytoplankton a l g a e  blooms. These obse rva t i ons ,  however, a r e  o u t s i d e  
t h e  b a s i c  a r e a  f o r  d i s c u s s i o n  i n  t h i s  r e p o r t ,  however,diquat could have been 
used a t  sometime f o r  c o n t r o l  of t h e  v a r i o u s  a q u a t i c  p l a n t  problems. (The 
p r i n c i p a l  i n v e s t i g a t o r  h a s  conducted chemical  a q u a t i c  p l a n t  c o n t r o l  r e s e a r c h  
i n  a l l  t h e s e  b o d i e s  of w a t e r .  Diquat probably  h a s  been used i n  a l l  t h e s e  
ponds excep t  Hedge Pond. Th is  work and o b s e r v a t i o n s  on a q u a t i c  p l a n t  
changes i n  t h e s e  bod ies  of w a t e r  a r e  o u t s i d e  t h e  main i n t e r e s t  of t h i s  
r e p o r t .  However, t h e  a q u a t i c  p l a n t  changes could  be  r e l a t e d ,  s i n c e  d i q u a t  
could  have been used i f  c o n t r o l  programs f o r  t h e s e  v a r i o u s  a q u a t i c  p l a n t  
s p e c i e s  had been under t aken  . ) 
From t h e  l i t e r a t u r e  one may i n f e r  t h a t  t h e  h y d r o s o i l  may be  t h e  
pr imary f i n a l  r e p o s i t o r y  f o r  d i q u a t  n o t  metabo l ized ,  p r i m a r i l y  t h a t  p a r t  
which i s  t a k e n  up by t h e  a q u a t i c  p l a n t s .  
A s  no ted  i n  Tab le  6 ,  i t  i s  e v i d e n t  t h a t  t h e  o r g a n i c  m a t t e r ,  c a t i o n  
exchange c a p a c i t y ,  sand,  s i l t ,  and c l a y  c o n t e n t  was c o r r e l a t e d  w i t h  
t h e  a b i l i t y  of t h e s e  h y d r o s o i l s  t o  b ind  d i q u a t .  Apparent ly  i t  was t h e  s i l t  
c o n t e n t  t h a t  gave t h e s e  h y d r o s o i l s  t h e i r  l a r g e  c a t i o n  exchange c a p a c i t y .  
Composition of t h e  s i l t ,  r a t h e r  t h a n  amount, was impor tan t  a s  h y d r o s o i l  from 
Big Pond had t h e  h i g h e s t  s i l t  c o n t e n t ,  b u t  i ts  c a t i o n  exchange c a p a c i t y  was 
l e s s  t h a n  t h e  h y d r o s o i l  frorn A l l e r t o n  Lake. There  was a  h igh  c o r r e l a t i o n  
between t h e  b ind ing  of d i q u a t  and t h e  c a t i o n  exchange c a p a c i t y  of t h e  
h y d r o s o i l s ,  0.91,  l e s s  between s i l t  and c l a y  c o n t e n t ,  0 .79 ,  and s t i l l  l e s s  
between t h e  p e r c e n t  of o r g a n i c  m a t t e r  and t h e  b ind ing  of d i q u a t ,  0.48. 
The age  and l o c a t i o n  of t h e  body of wa te r  would appear  t o  have 
some i n f l u e n c e  on t h e  v a r i o u s  f a c t o r s  a f f e c t i n g  t h e  b ind ing  of d i q u a t .  Big 
Pond h a s  a  r e l a t i v e l y  long s h o r e l i n e  c o n s i s t i n g  p r i m a r i l y  of s p o i l  banks ,  
whereas Hedge Pond i s  n o t  surrounded by s p o i l  banks,  hence s i l t  accumulat ion 
i n  t h e  h y d r o s o i l  from Hedge Pond may n o t  approach,  w i t h  t ime ,  t h e  s i l t  con ten t  
of t h e  h y d r o s o i l  of Big Pond. A s i m i l a r  s i t u a t i o n  exists w i t h  Bluebird  and 
Duck Pond. Blueb i rd  Pond h a s  more s h o r e l i n e  due t o  t h e  numerous f i n g e r - l i k e  
r i d g e s  of s p o i l  banks. Duck Pond is  d e l j m i t e d  by i t s  s p o i l  banks. The 
r e l a t i v e l y  h i g h  s i l t  con t en t  of t h e  h y d r o s o i l  from A l l e r t o n  Lake may 
r e p r e s e n t  t h e  s i l t  coming from t h e  ad j acen t  c rop land .  Thus, t h e  e x t e n t  of 
b ind ing  of d i q u a t  would he i n f l uenced  by l o c a t i o n  and age a s  t h e s e  
i n f l uenced  t h e  accumulat ion and sou rce  of silt .  These f a c t o r s  a r e  going 
t o  d i s t i n g u i s h  t h e  h y d r o s o i l s  of w a t e r s  from t h e  t e r r e s t r i a l  s o i l s .  
Assuming t h a t  most of t h e  d i q u a t  admin is te red  t o  wate r  u l t i m a t e l y  
accumulates  i n  t h e  h y d r o s o i l  e i t h e r  d i r e c t l y  o r  a f t e r  ab so rp t i on  by t h e  
p l a n t s  and r e l e a s e d  upon decay and bound t o  h y d r o s o i l ,  i t  would appear t h a t  
t h e  hyd roso i l  pos se s se s  cons i de r ab l e  b ind ing  c a p a c i t y  f o r  t h e  d i q u a t .  It 
would be suspec ted  t h a t  most of t h e  d iqua t  i n  n a t u r e  would be depos i t ed  
a t  t h e  surface-water  i n t e r f a c e .  Th i s  might account  f o r  t h e  s lower  
b ind ing  of t h e  d iqua t  i n  t h e  exper iments  summarized i n  F igu re  2. F u r t h e r ,  
wh i l e  t h e  d a t a  summarized i n  F igu re  3 was ob ta ined  under  d i f f e r e n t  exper imenta l  
c o n d i t i o n s ,  i . e . ,  shaking t h e  s o i l ,  wa t e r  d i q u a t  complex and when mixed d iqua t  
removal was extremely r a p i d  (Figure  5 ) ,  t h e s e  would g i v e  an i n d i c a t i o n  of t h e  
t o t a l  c apac i t y .  However, i t  would appear  t h a t  a c t u a l  phenomena might be a  
hydrosoi l -water  i n t e r f a c e  w i t h  ve ry  l i t t l e  d i s t u r b a n c e  a t  t h i s  i n t e r f a c e .  
The b ind ing  of d i q u a t ,  under t h e s e  c o n d i t i o n s ,  may be  cons ide r ab ly  d i f f e r e n t .  
The adso rp t i on  of d iqua t  summarized i n  F igu re  3 i n d i c a t e s  t h a t  up t o  a 
concen t r a t i on  of 250 ug/ml of d i q u a t ,  a l l  t h e  h y d r o s o i l s  bound approximately  
t h e  same amount of d i q u a t .  However, t h i s  can be mis lead ing  and t h e  d a t a  
summarized i n  F igu re  6 i n d i c a t e s  t h a t  up t o  250 ug/ml, t h e  d iqua t  was s t r o n g l y  
bound by a l l  t h e  h y d r o s o i l s ,  bu t  above t h e s e  l e v e l s  t h e  v a r i o u s  h y d r o s o i l s  
adsorbed v a r i o u s  q u a n t i t i e s  of d i q u a t .  Data a l s o  summarized i n  F igu re  6 
i n d i c a t e  t h a t  t h e  d iqua t  absorbed by t h e  h y d r o s o i l  from M i l l e r  Pond above t h e  
250 pg l e v e l  can be desorbed r e l a t i v e l y  e a s i l y .  Th i s  would sugges t  t h a t  i f  
d i q u a t  a d s o r p t i o n  i n  t h e  u s u a l  s i t u a t i o n  would be a  hydrosoi l -water  
i n t e r f a c e  phenomena t h a t  t h e  l l y d r o s o i l s  from some b o d i e s  of w a t e r  would 
n o t  s t r o n g l y  b ind  l a r g e  q u a n t i t i e s  of d i q u a t  and some of t h e  d i q u a t  might 
be l a t e r  desorbed by t h e  pond wate r .  Thus, t h e  d i q u a t  might r e c y c l e  from 
w a t e r  t o  h y d r o s o i l  t o  w a t e r ,  e t c .  
The above d a t a  i n d i c a t e d  t h a t  some h y d r o s o i l s  have extremely l a r g e  
c a p a c i t y  t o  b ind  d i q u a t .  These d a t a  were o b t a i n e d  w i t h  a  f i n i t e  c o n c e n t r a t i o n  
of d i q u a t  which a l s o  r e p r e s e n t s  a  f i n i t e  volume of wa te r .  The a c t u a l  s i t u a t i o n  
may be something d i f f e r e n t .  The column of wa te r  above 1 s q u a r e  f o o t  of 
h y d r o s o i l  s u r f a c e  may be  from 1 t o  10 f e e t  h i g h  and a t  a  c o n c e n t r a t i o n  of 
1 ppm would r e p r e s e n t  a  c o n s i d e r a b l e  amount of d i q u a t .  To e x p r e s s  t h i s  
a n o t h e r  way, a  pond w i t h  an a r e a  of 1 s u r f a c e  a c r e  and a  uniform d e p t h  of 
6  f e e t  t r e a t e d  a t  a  r a t e  of 1 ppm would c o n t a i n  16.2 pounds of d i q u a t  t o  
be  adsorbed.  
We have i n v e s t i g a t e d  some of t h e  i n t e r a c t i o n s  between d i q u a t  and t h e  
w a t e r ,  p l a n t s ,  f i s h e s ,  and h y d r o s o i l .  One major  component, which was 
p r e s e n t  i n  some of t h e  t e s t  a r e a s  was phytoplankton a l g a e .  On t h e  b a s i s  
of o b s e r v a t i o n s  i n  some l a t e  f a l l  t e s t  a r e a s ,  heavy phytoplankton blooms 
removed d i q u a t  from t h e  wate r  ( M i l l e r  Pond, f a l l ,  1969) ,  ( M i l l e r  Pond # 3 ,  
1970 d a t a ) ,  a t  a  r a t e  more r a p i d  t h a n  from wate r  t h a t  was r e l a t i v e l y  f r e e  
of phytoplankton a l g a e  (Mi l l e r  Pond, s p r i n g  1970) .  Ue d i d  n o t  under take  any 
d i r e c t  exper iments  i n v e s t i g a t i n g  t h e  up take  of d i q u a t  from wate r  by phytoplankton 
a l g a e .  F u r t h e r ,  we d i d  n o t  make an i n v e n t o r y  of o t h e r  a q u a t i c  fauna  which 
might be  p r e s e n t  i n  t h e  w a t e r ,  and be exposed t o  a p p l i c a t i o n s  of a q u a t i c  
h e r b i c i d e s .  F u r t h e r ,  we d i d  n o t  i n v c s t i g a t e  t h e  f a u n a  i n  t h e  h y d r o s o i l s  t h a t  
could  i n t e r a c t  w i t h  d i q u a t .  The a q u a t i c  environment is an exceed ing ly  complex 
b i o l o g i c a l  sys tem,  and any p a r t  of t h i s  system could i n t e r a c t  w i t h  o r  be  
s u s c e p t i b l e  t o  d i q u a t  o r  o t h e r  a q u a t i c  h e r b i c i d e s .  Ue doubt i f  much of t h e  
i n t e r a c t i o n s  of t h e  many fauna  p r e s e n t  i n  an a q u a t i c  system a t  any one 
t ime i s  w e l l  kno~rm. Thus, t h e  n a t u r a l  succe s s ion  of e c o l o g i c a l  even t s  w i t h i n  
a  s i n g l e  body of wate r  each yea r  could have an e f f e c t  on any r e c y c l i n g  of 
t h e  d i q u a t  w i t h i n  t h a t  a q u a t i c  system. 
A s h o r t  d i s c u s s i o n  of some of t h e  observed e c o l o g i c a l  changes may be 
of a s s i s t a n c e .  When a  v a s c u l a r  p l a n t  growth develops  i n  a  body of wa t e r ,  
t h e  wate r  i s  u s u a l l y  q u i t e  c l e a r  and s h o r t l y  a f t e r  t h e  a p p l i c a t i o n  of t h e  
h e r b i c i d e  t h e  a q u a t i c  p l a n t  d i e s  and s e t t l e s  o u t  of t h e  water  and t h e  wate r  
s t i l l  remains r e l a t i v e l y  c l e a r  s o  t h a t  f r e q u e n t l y  t h e  bottom i s  v i s i b l e  even 
t o  dep th s  of 6 t o  8 f e e t .  Within a  week o r  10 days ,  however, a  t u r b i d i t y  
deve lops ,  u s u a l l y  a  phytoplankton a l g a e  bloom. Th i s  same g e n e r a l  sequence is. 
fol lowed,  r e g a r d l e s s  of t h e  s i z e  of a r e a  t r e a t e d  o r  which of s e v e r a l  e f f e c t i v e  
h e r b i c i d e s  may be used.  I f  a  body of water  is  heav i l y ,  i n f e s t e d  w i t h  v a s c u l a r  
a q u a t i c  p l a n t s  and h e r b i c i d e s  a r e  no t  a p p l i e d  e i t h e r  one of two even t s  
g e n e r a l l y  f o l l ow .  E i t h e r  a  phytoplankton a l g a e  bloom develops ,  which can be 
seen i n  t h e  water  around t h e  a q u a t i c  p l a n t s .  I f  t h e  phytoplankton bloom 
becomes s e v e r e ,  i t  appears  t o  h a s t e n  t h e  d i sappearance  of v a s c u l a r  p l a n t s .  
The water  may become yellow-green, brown or  l igh t -g reen .  The o t h e r  even t  
which nay happen i s  t h a t  a  f i lmentous  a l g a e  cover  may develop over  t h e  submersed 
a q u a t i c  p l a n t s .  The remaining v a s c u l a r  p l a n t s  p rov ide  a  p l a c e  of a t t achment  f o r  
t h e  f i l amentous  a l g a e .  A t  t h e  po in t  i n  t ime where we can e a s i l y  s e e  e i t h e r  
t h e  f i l amen tous  o r  phytoplankton a l g a e  s t a n d s  developing,  i t  would appear  
t h a t  t h e  v a s c u l a r  a q u a t i c  p l a n t s  have matured.  I n  bod ies  of water  w i th  
h i s t o r i e s  of submersed a q u a t i c  p l a n t  problems, we have seen e i t h e r  a  
f i l amen t ous  o r  phytoplankton a l g a e  bloom s t a r t  e a r l y ,  and i f  e i t h e r  of t h e s e  
develop a  submersed a q u a t i c  p l a n t  may n o t  develop. 
A t h i r d  even t  has  been seen  but  much l e s s  f r equen t .  A second crop of 
v a s c u l a r  a q u a t i c  p l a n t  growths w i l l  develop among an e x i s t i n g  b u t  s e n i l e  s t and .  
These  a q u a t i c  p l a n t s  appea r  t o  have  o v e r l a p p i n g  p e r i o d s  of growth.  An 
example f r e q u e n t l y  seen  i n  Miller Pond i s  a  s l e n d e r  n a i a d ,  n a t a s  f l e x i l i s ,  s t a n d  
d e v e l o p i n g  a f t e r  t h e  sago pondweeds o r  s m a l l  pondweeds have ma tu red .  
Sago pondweed and s m a l l  pondweed deve lop  e a r l y  i n  t h e  growing s e a s o n  whereas  
s o u t h e r n  n a i a d  d e v e l o p s  l a t e r  i n  the growing s e a s o n .  I f  e i t h e r  a f i l a m e n t o u s  
o r  phy top lank ton  a l g a e  s t a n d s  deve lop  a f t e r  t h e  sago  pondweed m a t u r e s  
s o u t h e r n  n a i a d  w i l l  n o t  develop.  A v a r i a t i o n  of t h i s  o c c u r r e d  a few y e a r s  
ago i n  A l l e r t o n  Lake. An i n t e n s e  s t a n d  of l e a f y  pondweed, P .  f o l i o s u s  
developed among the e x i s t i n g  b u t  f a d i n g  s a g o  pondweed s t a n d .  T h i s  o c c u r r e d  
i n  August and t h e  w a t e r  remained r e l a t i v e l y  c l e a r  d u r i n g  t h e  e n t i r e  
growing s e a s o n .  T h i s  l e a f y  pondweed s t a n d  developed a b o u t  t h e  t i m e  t h a t  
e i t h e r  f i l a m e n t o u s  o r  phy top lank ton  a l g a e  s t a n d s  u s u a l l y  deve loped .  It i s  
t h e  f i l a m e n t o u s  a l g a e  s t a n d s  which c a u s e  many of t h e  u n s i g h t l y  a p p e a r a n c e s  
of many b o d i e s  of w a t e r  i n  l a t e  summer. We have s u g g e s t e d  t h e  removal of 
t h e  submersed v a s c u l a r  a q u a t i c  p l a n t s ,  a s  one  s t e p  of r e d u c i n g  t h e  f i l a m e n t o u s  
~ r o b l e m  i n  l a t e  summer. U h i l e  t h i s  d o e s  n o t  e l i m i n a t e  t h e  problem c o m p l e t e l y ,  
removal of t h e  a q u a t i c  p l a n t  r e d u c e s  t h e  p o i n t  of  a t t a c h m e n t  from which t h e  
f i l a m e n t o u s  a l g a e  develop.  
The above e c o l o g i c a l  changes  must a l s o  b e  c o n s i d e r e d  i n  t h e  i n t e r a c t i o n s  
of an  a q u a t i c  h e r b i c i d e  and the a q u a t i c  env i ronment .  Each body of w a t e r  
undergoes  o b s e r v a b l e  dynamic changes  d u r i n g  t h e  c o u r s e  of a  growing s e a s o n .  
V RELATION TO WATER RESOURCES PROBLEMS 
Wi th in  t h e  p a s t  t e n  o r  f i f t e e n  y e a r s  t h e r e  h a s  been a  g r e a t  i n c r e a s e  
i n  t h e  u s e  of w a t e r .  T h i s  i n  p a r t  may be t h e  r e s u l t  of more l e i s u r e  t i m e  
and a  more a f f l u e n t  s o c i e t y ,  w i t h  t h e  r e s u l t  of more w a t e r  r e l a t e d  a c t i v i t i e s  
such a s  r e s i d e n t i a l  development,  more wa te r  developments f o r  f i s h i n g  and 
b o a t i n g ,  w a t e r  f o r  c o o l i n g ,  w a t e r  u s e  i n  t h e  p r o d u c t i o n  of e l e c t r i c i t y ,  t h e  
development of w a t e r  s o u r c e s  f o r  domes t i c  wa te r  supp ly  and w a t e r  s t o r a g e  f o r  
v a r i o u s  i n d u s t r i a l  u s e s  t o  ment ion a  few. Much of t h i s  w a t e r  h a s  a  m u l t i -  
purpose  usage  s u c h  a s  c o o l i n g  w a t e r  f o r  e l e c t r i c  power p l a n t s ,  home development,  
b o a t i n g ,  f i s h i n g ,  w a t e r  s k i i n g ,  e t c .  Rut t h e r e  i s  u s u a l l y  a  p r imary  u s e  f o r  
t h e  w a t e r ,  and t h e  o t h e r  u s e s  a r e  secondary.  I n  most l o c a t i o n s  a q u a t i c  
p l a n t  problems deve lop ,  which may c u r t a i l  one o r  more u s e s  of t h e  w a t e r ,  o r  
s imply  l e a v e  t h e  body of w a t e r  w i t h  l i t t l e  a e s t h e t i c  v a l u e .  S i n c e  t h e  
a q u a t i c  p l a n t  growth may i n t e r f e r e  w i t h  t h e  p r imary  u s e ,  o r  o n l y  a  secondary  
one,  t h e  optimum w a t e r  usage  may be  c u r t a i l e d .  Thus, some w a t e r  management 
may have t o  be  under taken  t o  pe rmi t  t h e  f u l l  and i n t e n d e d  u s e  of t h e  w a t e r .  
It does  n o t  appear  t h a t  we can  c o n t i n u a l l y  impound wa te r  and j u s t i f y  a  low 
u s e  l e v e l  of t h e  impounded w a t e r .  Thus,  t o  pe rmi t  t h e  f u l l  and i n t e n d e d  u s e  
of t h e  w a t e r ,  t h e  a q u a t i c  n u i s a n c e s  w i l l  have t o  be managed. T h i s  w i l l  
i n c l u d e  t h e  management of t h e  a q u a t i c  p l a n t s  and f i s h .  The c o n v e r s i o n  of 
energy and n u t r i e n t s  i n t o  a q u a t i c  p l a n t s  r e p r e s e n t s  a  was te ,  i n  t h a t  t h e  
end p roduc t  i s  of l i t t l e  v a l u e .  T h i s  cannot  c o n t i n u e  i n d e f i n i t e l y .  
I n  o r d e r  t o  pe rmi t  wider  usage  of a q u a t i c  h e r b i c i d e s ,  more d a t a  w i l l  
be  r e q u i r e d  a s  t o  t h e  i n t e r a c t i o n s  of any h e r b i c i d e  and t h e  a q u a t i c  
environment.  R e c e n t l y  some o b s e r v a t i o n s  have become v e r y  a p p a r e n t ,  i . e . ,  
t h e  accumulat ion of oryano-chloro i n s e c t i c i d e s  i n  f i s h e s  and i n t o  h i g h e r  
members of t h e  food ueh and t l ie r e a l i z a t i o n  of t h e  p o s s i b l e  s e r i o u s  
consequences .  S i m i l a r  s i t u a t i o n s  can be s t a t e d  f o r  mercury.  Ye t ,  we 
s imply cannot  g e n e r a l i z e  t h a t  a l l  i n s e c t i c i d e s  o r  t h a t  a l l  m e t a l s  w i l l  
f o l l o w  s i m i l a r  r o u t e s  o r  i n t e r a c t  w i t h  t h e  a q u a t i c  environment i n  t h e  
same way. Apparen t ly  v e r y  l i t t l e  concern h a s  developed about  h e r b i c i d e s ,  
excep t  perhaps  2,4,5-T, We know t h a t  d i q u a t  can  be  d e t e c t e d  i n  w a t e r ,  even 
o u t  of d o o r s  f o r  p e r i o d  up t o  1 0  days .  Me know t h a t  b l u e g i l l  can remove 
d i q u a t  from w a t e r .  We know, a l s o ,  t h a t  t h e  c14 l a b e l  i n t r o d u c e d  i n t o  t h e  
f i s h  i n  d i q u a t  can  be  d e t e c t e d  i n  t h o s e  o rgans  of t h e  f i s h  which were 
i n v e s t i g a t e d  and t h a t  t h e  t o t a l  amount of l a b e l  removed decreased  w i t h  t ime.  
The c14 c o n t e n t  of t h e  l i v e r  appeared t o  d e c r e a s e  w i t h  t ime ,  whereas t h e  
c o n t e n t  of some t i s s u e s  i n c r e a s e d .  From o t h e r  work i n  our  l a b o r a t o r y ,  
which would i n d i c a t e  t h a t  t h e  i n c r e a s e  of c14 i n  t h e  p l y o r i c  caecum and gu t  
r e p r e s e n t s  one r o u t e  of e l i m i n a t i o n .  A d d i t i o n a l  t ime c o u r s e  s t u d i e s  would 
i n d i c a t e  i f  t h e  i n i t i a l  d i q u a t  up take  r e p r e s e n t s  an a c t u a l  accumulat ion of 
d i q u a t  a g a i n s t  a  c o n c e n t r a t i o n  g r a d i e n t ,  o r  i s  r e l a t e d  on ly  t o  t h e  d i q u a t  
c o n c e n t r a t i o n  i n  t h e  ambient w a t e r .  F u r t h e r  s t u d i e s  would r e v e a l  i f  t h e  
d i q u a t  was degraded o r  e x c r e t e d  unchanged. But t o  d a t e  we have made a  
s t a r t ,  and have some i n d i c a t i o n s  where t o  proceed.  
We found t h a t  over  t h e  exposure  p e r i o d  t h a t  an  a q u a t i c  p l a n t  
s u s c e p t i b l e  and one n o t  s u s c e p t i b l e ,  removed d i q u a t  from w a t e r ,  and t h e  
l a b e l e d  m a t e r i a l  i n  one p l a n t  was t r a n s l o c a t e d .  F u r t h e r  s t u d i e s  a r e  needed 
t o  de te rmine  i f  t h e  a q u a t i c  p l a n t s  a l t e r e d  t h e  d i q u a t  molecule  o r  does t h e  
d i q u a t  go back i n t o  t h e  a q u a t i c  environment a f t e r  r e c y c l i n g  through p l a n t s .  
Hydroso i l  can remove d i q u a t  from w a t e r ,  and i f  d i q u a t  i s  n o t  a l t e r e d  
by any of t h e  a q u a t i c  f a u n a ,  t h e  h y d r o s o i l  may r e p r e s e n t  t h e  u l t i m a t e  s i n k  
and t h e  f i n a l  d e p o s i t o r y  of t h e  d i q u a t  a d m i n i s t e r e d  i n t o  t h e  w a t e r .  Some 
of t h e  r e l a t i o n s h i p  between t h e  h y d r o s o i l  and p h y s i c a l  and chemica l  p r o p e r t i e s  
of t h e  h y d r o s o i l  from s e v e r a l  b o d i e s  of wa te r  were i n v e s t i g a t e d  and t h e  
chemical  and p h y s i c a l  p r o p e r t i e s  and t h e  b ind ing  of d i q u a t  were i n v e s t i g a t e d .  
Some h y d r o s o i l s  can bind l a r g e  q u a n t i t i e s  of d i q u a t ,  whereas o t h e r  h y d r o s o i l s  
b ind  l e s s e r  amounts of d i q u a t .  T t  would appear  t h a t  t h e  d i q u a t  b ind ing  t o  
some h y d r o s o i l s  was much s t r o n g e r  t h a n  t h e  b ind ing  of d i q u a t  t o  o t h e r  
h y d r o s o i l s .  These d a t a  i n d i c a t e  t h a t  most of t h e  h y d r o s o i l s  can bind adequate  
amounts of d i q u a t ,  and r e p e a t e d  a p p l i c a t i o n s  of d i q u a t  would n o t  appear  t o  
be a  p o t e n t i a l  problem a s  t h e  h y d r o s o i l  would bind r e l a t i v e l y  l a r g e  amounts 
of d i q u a t .  However, t h i s  d a t a  can be  m i s l e a d i n g  s i n c e  t h e  amounts of d i q u a t  
bound t o  h y d r o s o i l s  were determined by t h e  e x p e r i m e n t a l  p rocedures  d e s c r i b e d ,  
but  t h i s  does  n o t  appear  t o  be t h e  s i t u a t i o n  a t  t h e  pond bottom. It would 
appear  t h a t  a  w a t e r  h y d r o s o i l  i n t e r f a c e  phenomena would be  more p l a u s i b l e  and 
t h a t  w h i l e  t h e  h y d r o s o i l  could  bind l a r g e  amounts of d i q u a t ,  r e l a t i v e l y  s m a l l  
q u a n t i t i e s  of t h e  t o t a l  b ind ing  s i t e s  i n  t h e  h y d r o s o i l  would be a v a i l a b l e .  
Thus, o t h e r  t y p e s  of exper iments  may have t o  be  des igned  t o  unders tand  t h e  
e x a c t  r o l e  of t h e  h y d r o s o i l  and t h e  i n t e r a c t i o n  w i t h  d i q u a t .  
IJe have c o l l e c t e d  some f a c t s  about t h e  i n t e r a c t i o n  of d i q u a t  and 
t h e  a q u a t i c  environment ,  b u t  we s t i l l  have much work y e t  t o  be done. 
There  a r e  s e v e r a l  a q u a t i c  p l a n t s  t h a t  a r e  more s u s c e p t i b l e  t o  d i q u a t  
t h a n  t o  o t h e r  a q u a t i c  h e r b i c i d e s ;  Eloda canadens i s  American e l o d e a ,  Najas  
g u a d a l u p e n s i s  s o u t h e r n  n a i a d ,  Najas  f l e x i l i s  s l e n d e r  n a i a d ,  and Najas  
g r a c i l l i m a ,  bushy pondweed. We have observed changes i n  t h e  a q u a t i c  p l a n t  
complements i n  v a r i o u s  b o d i e s  of wa te r .  Should t h e s e  common a q u a t i c  p l a n t s  
i n f e s t a t i o n  develop p a r t i c u l a r l y  a f t e r  t h e  removal o r  c o n t r o l  of a q u a t i c  
s p e c i e s  s u s c e p t i b l e  t o  o t h e r  a q u a t i c  h e r b i c i d e s ,  we may n o t  have any cho ice  
b u t  t o  u s e  d i q u a t .  (The development of a d d i t i o n a l  a q u a t i c  h e r b i c i d e s  h a s  
been d r a s t i c a l l y  reduced over  t h e  l a s t  few y e a r s  a p p a r e n t l y  due i n  p a r t  t o  
t h e  i n c r e a s e d  c o s t  of development r e s e a r c h . )  
Whereas we may have more b o d i e s  of wa te r  a v a i l a b l e  t h a t  can become 
i n f e s t e d  w i t h  a q u a t i c  p l a n t s ,  we s imply may n o t  have adequa te  t o o l s  f o r  
t h e  w a t e r  management which may be  n e c e s s a r y  t o  pe rmi t  maximum u t i l i z a t i o n  
of t h i s  n a t u r a l  r e s o u r c e  of t h e  s t a t e .  
The i n d i c a t i o n s  a r e  t h a t  more w a t e r  w i l l  have t o  be impounded. I n  
1959, t h e r e  were 58,016 ponds and l a k e s  i n  I l l i n o i s  and by 1964 t h e r e  were 
60,127. The Department of Conservat ion e s t i m a t e d  t h a t  d u r i n g  1964 an 
a d d i t i o n a l  1 ,860 wate r  impoundments were c o n s t r u c t e d .  The c o n s t r u c t i o n  
of t h e  i n t e r s t a t e  system had added numerous borrow p i t s  w i t h  v a r i e d  u s e s ,  
The development of e l e c t r i c  t r a n s m i s s i o n  t e c h n i q u e s  h a s  r e s u l t e d  i n  t h e  
b u i l d i n g  of a  power p l a n t  a t  Kinca id ,  I l l i n o i s  and e l e c t r i c i t y  i s  t r a n s m i t t e d  
t o  t h e  Chicago a r e a .  A r e l a t i v e l y  l a r g e  power p l a n t  h a s  been planned nor thwes t  
of Champaign, which w i l l  r e q u i r e  t h e  b u i l d i n g  of a  l a r g e  wate r  impoundment. 
These developments a r e  a l s o  used f o r  some wate r  r e c r e a t i o n  a c t i v i t i e s .  I n  
t ime t h e s e  and a d d i t i o n a l  planned o r  p r o j e c t e d  w a t e r  impoundments may become 
weed i n f e s t e d .  Flood c o n t r o l  p r o j e c t s  w i t h  r e l a t e d  wate r  s t o r a g e  a r e  a l s o  
planned f o r  t h e  S t a t e  of I l l i n o i s .  These may develop problems f o r  which 
c o n t r o l  may b e  n e c e s s a r y .  Sewage t r e a t m e n t  lagoons a r e  a l s o  a n o t h e r  a r e a ,  
and due t o  t h e  h i g h  n u t r i e n t  q u a l i t y  of t h e  w a t e r ,  may p r o v i d e  a d d i t i o n a l  
a r e a s  w i t h  s p e c i f i c  problems. The wate r  w i l l  be u l t i m a t e l y  r e l e a s e d  i n t o  a  
n a t u r a l  waterway, b u t  t h e  n u t r i e n t  l o a d  reduced t o  l e v e l $  which w i l l  n o t  
c o n t r i b u t e  t o  t h e  n u t r i e n t  l o a d  of t h e  wa te r  of t h e  n a t u r a l  waterway. Algae 
problems may be of s p e c i f i c  concern and t e c h n i q u e s  may have t o  be  developed 
i n  t h e  u s e  of a q u a t i c  h e r b i c i d e s  which w i l l  pe rmi t  t h e i r  u s e  i n  t h e  sewage 
l agoons ,  b u t  t h a t  t h e  a q u a t i c  h e r b i c i d e s  used would n o t  g a i n  a c c e s s  t o  t h e  
w a t e r  of t h e  n a t u r a l  waterway. Sewage t r e a t m e n t  lagoons from l i v e s t o c k  
o p e r a t i o n s  may r e s u l t  i n  a d d i t i o n a l  b o d i e s  of wa te r  w i t h  a s s o c i a t e d  
s p e c i f i c  o r  r e l a t e d  problems. 
The u s e  of p a r a l l e l - t e r r a c e - t i l e  sys tems which have been developed 
f o r  t h e  management of t h e  wa te r  which f a l l s  d i r e c t l y  on t h e  l a n d ,  may 
i n c l u d e  permanent wa te r  s t o r a g e  a r e a s  a s  p a r t  of t h e  system f o r  t h e  c o n t r o l  
of w a t e r  r u n o f f .  A s  more so i l -wa te r  c o n s e r v a t i o n  systems a r e  i n s t a l l e d ,  
which w i l l  be  n e c e s s a r y  t o  conserve  t h e  r i c h  I l l i n o i s '  t o p  s o i l ,  a d d i t i o n a l  
w a t e r  a r e a s  w i l l  be  added. (One such  system was c o n s t r u c t e d  on t h e  Miller 
C o r p o r a t i o n  l and  e a s t  of M o n t i c e l l o ,  L l l i n o i s  d u r i n g  1971.)  These s t o r a g e  
a r e a s  a r e  a l s o  mul t i -purpose  f o r  w i l d l i f e  cover  a r e a ,  s o i l  e r o s i o n  c o n t r o l ,  
f i s h i n g , a n d  wate r  s t o r a g e .  
Lt is ex t remely  r a r e  f o r  a water  impoundment t o  be  devoid of a q u a t i c  
p l a n t s ,  e i t h e r  mic roscop ic  o r  macroscopic .  Thus, any body of w a t e r  i s  a  
p o t e n t i a l  s o u r c e  f o r  some problem. Not t o  u s e  t h i s  r e s o u r c e  t o  i t s  f u l l e s t  
e x t e n t  i s  ex t remely  w a s t e f u l .  A s t u t e  wa te r  management may be n e c e s s a r y ,  
which may i n c l u d e  t h e  u s e  of a q u a t i c  h e r b i c i d e s ,  o r  o t h e r  t o x i c  a g e n t s ,  f o r  
t h e  c o n t r o l  of f i s h  o r  some o t h e r  a q u a t i c  fauna .  The knowledge of t h e  
i n t e r a c t i o n s  of a q u a t i c  h e r b i c i d e s  and t h e  a q u a t i c  environment w i l l  p e r m i t  
g r e a t e r ,  y e t  v e r y  s a f e  u s e  of t h e s e  t o o l s .  Be have made a  s tart  w i t h  a  
d e t a i l e d  i n v e s t i g a t i o n  of t h e  i n t e r a c t i o n s  of d i q u a t  and t h e  a q u a t i c  
environment.  During 1971, t h e  major  e f f o r t  of t h e  p r i n c i p a l  i n v e s t i g a t o r  was 
d i r e c t e d  toward a d d i t i o n a l  i n t e r a c t i o n s  of t h r e e  a d d i t i o n a l  a q u a t i c  h e r b i c i d e s  
and some components of t h e  a q u a t i c  environment.  The N a t i o n a l  Sc ience  
Foundat ion h a s  awarded t h e  U n i v e r s i t y  of I l l i n o i s  a g r a n t  t o  i n v e s t i g a t e  
t h e  i n t e r a c t i o n  of l e a d  and t h e  environment ,  one component of which i s  t h e  
a q u a t i c  environment.  P r e v i o u s l y ,  t h e  p r i n c i p a l  i n v e s t i g a t o r  h a s  been engaged 
i n  some s t u d i e s  i n v o l v i n g  t h e  a q u a t i c  h e r b i c i d e s ,  endothal l ,2 ,4-D,  f e n a c ,  and 
s imaz ine .  Other  i n v e s t i g a t i o n s  i n  our  l a b o r a t o r y  i n c l u d e s  t h e  u p t a k e  and 
and d i s t r i b u t i o n  of a q u a t i c  h e r b i c i d e s  i n  b l u e g i l l s .  The r e g i s t r a t i o n s  of 
a q u a t i c  h e r b i c i d e s  has been vnder  i n t e n s e  review,  Without t h e  n e c e s s a r y  
and p e r t i n e n t  r e s e a r c h  d a t a ,  t h e  r e g i s t r a t i o n s  of some a q u a t i c  h e r b i c i d e s  
may be c a n c e l l e d .  A d d i t i o o a l  prwpased laws under  c ~ n s i d e r a t i o n  may impose 
s e v e r e  r e s t r i c t i o n s  and w i l l  r e q u i r e  a d d i t i o n 3 1  d a t a  s o  t h e  p roper  t iming of 
a p p l i c a t i o n  and r i g i d  a p ~ l i c a t i o n s  t e c h n i q u e s  can be  d e s c r i b e d .  T h i s  p o i n t s  
up t h e  need f o r  a d d i t i o s a b  r e s e a r c h  d a t a ,  s o  n e c e s s a r y  t w  d e f i n e  t h e  e s a c t  
l i m i t s  of u s e .  T h i s  h a s  been t h e  goa l  of t h e  work d e s c r i b e d  i n  t h i s  r e p o r t .  
